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De nouvelles réactions d'oxydation de phénols et d'ary l-sulfonamides par des réacti fs d' iode 
hypervalent ont été développées, ainsi que des applications en synthèse totale de produits 
naturels. 
Les réactions Ipso-oxydatives à 1' iode hypervalent permettent la génération rapide d' une 
diénone fonctionnali sée contenant un carbone quaternaire connecté à plusieurs centres sp2. Ce 
procédé a lieu par le transfert d' un groupement aryle porté par un silicium présent sur la 
chaine latérale. Pour illustrer le potentiel de cette transformation, la synthèse totale de la 
Sceléténone, un alcaloïde de la famille des Amaryllidaceae , a été réa li sée. 
Des réactions de cycloadditions [2+3] désaromatisantes de phénols et d'aryl-sul fo namides sur 
des dérivés de benzènes et de naphtalènes non-activés ont été déve loppées grâce à 
l' utilisation de réactifs à l' iode hypervalent. Cette réaction passe par une addition nucléophile 
intramoléculaire sur un intermédiaire de type Wheland généré durant l'oxydation. Des 
réactions de couplage bi-arylique ont également été mises au point de mani ère indirecte, par 
traitement en conditions acides des composés de cycloadditions, mais aussi de mani ère 
directe par l' utilisation d'aryl-sulfamides. 
Enfin, la synthèse fo rmelle de la Strychnine, un alcaloïde connu pour ses propriétés 
biologiques, a été réalisée à partir du 3-( 4-hydroxyphényl)propionate de méthyle en 9 étapes. 
Cette synthèse implique une oxydation désaromatisante à l' iode hypervalent, un nouveau 
procédé tandem aza Michael-éther d 'énol ainsi qu ' une cyc lisation par un couplage de Heck et 
une isomérisation réductrice. 
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ABSTRACT 
New oxidation reactions of phenols and ary l-sulfonamides mediated by hypervalent iodine 
reagents have been developed as weil as their applications in total synthes is of natural 
products. 
The oxidative ipso-rearrangement mediated by a hyperva lent iodine reagent enabl es rapid 
generation of a functionalized dienone system containing a quaternary carbon center 
connected to severa! sp2 centers. The process occurs through the transfer of an ary l group 
from a sily l segment present on the latera l chain. As an illustration of the potentia l of this 
transformation, the tota l synthes is of Sce letenone, a small Amaryllidaceae alkaloid, is 
described. 
New dearomatizing [2+3 ] cycloaddition reactions of pheno ls or ary l-sul fo namides and 
benzene or naphthalene derivatives have been developed through the use of a hyperva lent 
iodine reagent. This process occurs v ia an intramolecular nuc leophilic addition to the 
Wheland species generated during the oxidative activation. Subsequent treatment under 
acidic conditions readily transforms the tri cyc li c system into a biary l via a fo rmai cross-
coupling process . A direct cross-coupling methodo logy has a lso been developed using ary l-
sulfamides . 
F ina lly, a concise formai synthes is of Strychnine has been achieved fro m ava ilable 3-( 4-
Hydroxyphenyl)propionic ac id methy l ester in 9 steps. The synthes is involves an oxidative 
dearomatization mediated by a hyperva lent iodine reagent, a nove l aza Michae l-ether-eno l 
tandem process, a heck type cyc lizatio n and a reductive isomerizat ion. 

INTRODUCTION 
O. 1. Iode hypervalent 
La synthèse totale de produits naturels bioactifs occupe une place importante en science, 
aussi bien pour les applications pharmaceutiques que pour le développement de nouve lles 
méthodologies qu ' elle inspire. Dans un contexte d 'économie des ressources et d 'écologie, il 
est essentiel de développer de nouvelles synthèses plus rapides et plus efficaces tout en 
évitant les rejets toxiques. Du fait qu ' il s permettent de remplacer l' utili sation de métaux 
lourds, chers et toxiques tels que le Thallium (III), le Mercure (Il) ou encore le Plomb (IV), 
les réactifs à base d ' iode hypervalentjouent un rôle important en synthèse'-3. 
Géneralement monovalent et de degré d' oxydation -1 , 1' iode présente des degrés d 'oxydation 
supérieurs (III, V, et VII) connus sous le nom d ' iodes hypervalents (Schéma 1). 
AcO OAc ~OH d10A< 0 Il 8 
'o 'o 0=1-0 8) 
ô Il Na 0 
0 0 
DMP(V) IBX (V) Na104 (VIl) 
H3CÎ(0,1 _..OÎ(CH3 F3CÎ(0,1_..0Î(CF3 H0, 1_.... 0Ts 060 0 60 6 l ô l ô 
DIB (Ill) PIFA (III) Réactif de Koser (Ill) 
Schéma 1: Réactifs à base d'iode hypervalent 
Parmi les plus utilisés, les réactifs à base d ' iode (V) permettent notamment des oxydations 
d ' alcools en aldéhydes ou cétones en conditions douces. On retrouve parmi ces composés, le 
périodinane de Dess-Martin (DMP) et 1 'acide 2-iodoxybenzoïque (lB X). Le périodate de 
sod ium, réactif à base d'iode (VII) permet quant à lui de réaliser des coupures oxydantes de 
diois vicinaux. 
2 
Enfin, les réactifs à base d'iode hypervalents (III) réagissent avec de nombreux composés 
dans des réactions d 'oxydations et sont égaiements utilisés dans des réactions de 
fonctionnalisation de carbonyle et de réarrangements. Parmi les plus connus, on peut citer le 
diacétoxyiodobenzène (DIB), le PIF A ou encore le réactif de Koser (Schéma 1 ). 
Les composés à base d'iode (III) sont caractérisés par une structure bipyramide trigonale, où 
le groupement aryl et les deux paires d'électrons libres sont en positions équatoriales. Les 
deux ligands sont eux en positions apicales et partagent une liaison hypervalente avec l'iode. 





Bipyramide à base carrée 
Schéma 2 : Structures des réactifs à l'iode hypervalent 
Du fait de leur forte déficience en électrons, les réactifs à base d ' iode hypervalent sont très 
réactifs et peuvent être impliqués dans des réactions d 'échanges de ligands par l' attaque d ' un 
nucléophile ainsi que dans des réactions de transfert d 'électrons . 
Ils permettent notamment de nombreuses fonctionnalisations, telles que les 
fonctionnalisations des cétones en position a, des réactions d 'aziridination et d'amination, ou 
encore la création de liaisons C-C4• 
Phl=NTs 
0 
mCPBA, 0 0 CuOTf (5 mol%) Phi (10 mol%) 0 R~R' R~R' Ar~OR Ar~OR 
BF3• Et20 , OAc Cat. chiral TsN' 
1 AcOH, H20 2 3 4 
a -oxydation de cétones Aziridination asymétrique 
0 TMS - I-0 0 
EWG0x ~0 TBAF EWGr\X + R THF R ~ 
-78°C tort 
5 6 7 
Réaction d'alcynilation 
Schéma 3 : Réactions de fonctionnalisation à l'iode hypervalent 
3 
Les réactifs à base d' iode hypervalent réagissent également avec des phénols dans des 
réactions d'oxydations (Schéma 4). Divers mécanismes sont proposés pour ces 
désaromatisations: des mécanismes dissociatif et associatif, ainsi qu ' un mécani sme par 
échange de ligands5. 
0 ~Nu 
Dissociatif ~R, ' ~-A<08 .. ' ~ -Phi R~Nu 
Ph, <:'bAc 
10 
OH ..-!J 0 0 0 Nu ~ A"ooi•tif Çf ((' qR, Phi(OAc)z R2 .. .. ou _o. e _o. 
-A cO 
RI RI R I R 1 Nu 
8 9 14 15 
Echange ! +Nu t -Phi ~-Phi e de ligands -A cO 




RI R 1 IPh(Nu) 
Il 12 13 
Schéma 4: Mécanimes possibles d'oxydation de phénols 
Des experiences de so lvolyse ont demontré que le groupement Phl(BF4) 2 est de très loin un 
meilleur groupement partant qu'un triflate6• Ce caractère « hypernucléofuge » est un 
argument de poids en faveur du mécanisme par transfert d'électrons, notamment en présence 
de solvants pratiques. De plus, la formation de composés aromatiques radicalaires lors 
d'oxydation à l' iode hypervalent a été mise en évidence par le Pr. Kita par résonnance de spin 
électronique.7 
L' IBX permet également l' oxydation de phénols riches en électrons afin de former des o-














Ces différences de réactivités s'expliquent par les différences structurales entre les réactifs à 
1' iode hypervalent (III) et (V). 
Enfin, notons que les réactifs a l' iode hypervalent peuvent aussi être utilisés en quantité 
catalytique, par l' utilisation d ' un co-oxydant. C 'est le cas notamment des désaromatisations 












Schéma 6 : Désaromatisations énantiosélectives catalytiques en iode hypervalent 
Ces réactions Umpolung de désaromatisations oxydantes de phénols sont un outil puissant 
permettant le développement de nombreuses stratégies en synthèse totale. 
O. 2. Umpolung et Oxydation à l' iode hypervalent 
Introduit dans les années 70 par Seebach et Corey 10, le concept d' Umpolung consiste en une 
modification permettant d'inverser la polarité d'un groupe fonctionnel et ainsi modifier sa 
réactivité. Dans le cas de la méthode développée par Seebach et Corey sur des aldehydes, le 
carbonyle électrophile 21 est protégé sous forme de thiocétal 22 par traitment avec du 1,3-
propanedithi ol en milieu acide (Schéma 7). Le proton ac ide de la molécule peut maintenant 
être arraché par une base forte et l'anion acylure 23 ainsi formé peut réagir en tant que 
nucléophile sur de nombreux é lectrophiles. 
5 
HS~SH 
Acide de Lewis (cat.) 




--:H:-:-2-::::0,...:;/-:::T::-:HF~ R E 
22 23 24 25 
Schéma 7: Réaction d'Umpolung de Seebach et Corey 
De nombreuses réactions utilisant ce pnnc1pe ont été déve loppées par la suite, parmi 
lesquelles se trouvent la condensation benzoïne (Schéma 8), ou encore la réaction de Stetter 11 
(Schéma 9). Ce concept permet alors d 'étendre la réactivité d ' un groupe fonctionnel et donne 
de nouve lles alternatives, notamment en synthèse tota le. 
28 
0 






Schéma 8: Réaction de condensation benzoïne 
Cle~OH 
<±) """"' Bn-N 0 0 
Ph~ 'L-s 30 (cat.) RJyy 
Ph 0 
29 31 
Schéma 9: Réaction de Stetter 
Plus récemment, des réactions d' Umpolung catalysées par des carbènes N-hétérocyc liques 
ont également été mises au point, de même que leurs vers ions asymétriques. Rovis a 
notamment developpé des réactions d'additions 1,4 asymétriques d'énals sur des nitro-







0= 8BF4 _N 'Œl 
·· NvN-c F 
n-Bu--7( 6 5 
n-Bu OTMS 10 mol% 
NaOAc (50 mol%) 







Schéma 10 : Addition asymétrique d'énals sur des nitro-alcènes catalysée par des 
carbènes N-hétérocycliques 
Scheidt a quant à lui développé des réactions d'additions asymétriques d' homoénolates sur 
des acyl phosphonates via l' utilisation de carbènes N-hétérocycliques, aboutissant a la 
synthèse de lactone de manière stéréosélective (Schéma 11) 13 . 
0 0 0 )l pEt 
Ph K~oEt 
0 
+ Ph~H Et 20mol% )(op )--('P(OEt)2 + )(~ ,? UP(OEt)z 
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35 36 
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Schéma 11 :Addition asymétrique d'énals sur des nitro-alcènes catalysée par des 
carbènes N-hétérocycliques 
Développé en série aliphatique, ce concept d' Umpolung peut également être appliqué en série 
aromatique 14, par l' intermédiaire de réactifs à base d'iode hypervalent14-26 , sur des 
. . 1 , 1 1 1 h , 1 73-74 1 1 1~ 'd 25 aromatiques ne 1es en e ectrons te s que es p eno s- - ou es ary -su 10nam1 es . Le 
mécanisme considéré ici est une oxydation par transfert d' électrons (Schéma 12). Le phénol 
38 réagit avec le diacétoxyiodobenzène 39 afin de former le radical cation 40, qui va être 
deprotonné par une molécule d'acétate relachée dans le milieu afin d'obtenir le radical 42 . 
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Celui-ci réagit ensuite avec le radical iodé 41 pour former l' iodobenzène 43 ainsi que l' ion 
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Schéma 12: Mécanisme radicalaire d'oxydation à l'iode hypervalent 
41 
En oxydant des phénols 47 (ou aryl-sul fonamides) habituellement nucléophiles, ces réacti fs 
permettent la fo rmation d' un ion phénoxonium 48 (ou phénoximinium). L' intérmédiaire 
électrophile formé peut alors réagir avec de nombreux nucléophiles en position ortho ou 
para, dépendamment du nucléophil e utilisé. Dans le cas d ' un nucléophile faiblement 
encombré, l'attaque se fait sous contrôle stéréoélectronique en pos ition para, du fait de la 
stabilité de la fo rme de résonnance formée (carbocation tertiaire). Ces oxydations permettent 
l' obtention d' un sq uelette hautement fonctio nnali sé, contenant un carbone tertiaire ou 
quaternaire (si l' attaque est réa lisée par un nucléophile carboné) connecté à plusieurs centres 
s/ ains i qu ' une diénone 50 proch ira le permettant de nombreuses foncti onnalisations 
subséquentes. En revanche, lors de l' utilisation d' un nucléophile encombré, l'attaque se fait 
sous contrôle stérique en position ortho . Le produit 49 obtenu est dans ce cas un aromat ique 
subst itué, du même type que ceux obtenus dans les réactions de Friedel et Crafts. 
Pionnier dans ce domaine, le Pr. Kita a notamment démontré la faisabilité des réactions 
d'oxydations désaromatisantes utilisant des réactifs à base d' iode hypervalent, en réalisant 
des additions oxydantes de méthanol sur des phénols. Il a également démontré que 
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l' utilisation d'héxafluoroisopropanol (HFIP) permet la stabilisation de l'ion phénoxonium 
formé 15-16,24 . En effet, cet intermédiaire est instable et réagit avec les nucléophiles présents 
dans le milieu. Si le solvant utilisé est nucléophile (eau, methanol , .. . ), la réaction a lieu avec 
le solvant. L' héxafluoroisopropanol étant un solvant protique non nucléophile, il permet une 
stabilisation de l' ion phénoxonium tout en ne réalisant pas d ' add ition nucléophile. Il donne 
ainsi un temps de vie plus long à l'intermédiaire, lui permettant de réagir avec le nucléophile 
désiré. 
XH x XH x Q ~ N" ~N" Q Phi(OAc)z tJ .,-:::. ou HFIP 
R R R R Nu 
X = 0 ou NS02R' 
47 48 49 50 
Schéma 13: Addition nucléophile sur un phénol ou un aryl-sulfonamide 
O. 3. Réactions ipso 
Venant du latin signifiant « lui-même », la position Ipso d'un composé aromatique 51 est 
ce lle où se trouve déjà le groupement fonctionne l27 -28 . On parle alors de « substitution Ipso » 
lorsque la substitution a lieu sur cette position, entrainant ainsi un changement de fonction sur 
la molécule aromatique 53 (Scéma 14). 
A® 6~ V\~ 
® 
~~® 
Position Ipso u __ E __ ,. 
51 52 R 53 
Schéma 14: Réaction de substitution Ipso 
Appliquées dans le contexte des oxydations à l' iode hypervalent, ces réactions Ipso 
permettraient l' introduction de groupements aryls sur des phénols 54 en position para, l'ion 
phénoxonium 55 jouant le rôle d' électrophile lors de la substitution Ipso (Schéma 15). 
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R 
OH 0 0 0 ··v~ Phi(OAc)z R"l~( Rl Rl Rz 1 ~ HFIP 1 <±) 1 
R3 R3 R3 ï ~ 
--M ~ ~ ~ 
Schéma 15 : Applicabilité des substitutions Ipso aux oxydations à l'iode hypervalent 
Antérieurement aux réactions lpso-oxydatives, notre laboratoire ava it développé des 
réactions de Friedel et Craft oxydatives à base d ' iode hypervalent, sur des phénols 
po lysubstitués 58, permettant d 'obtenir des motifs simi laires avec introduction d 'ary ls et 






Schéma 16: Réactions de Friedel et Crafts oxydatives 
Tout comme les réactions /pso-oxydatives, ces transformation s intermo léculaires permettent 
un accès rapide à un squelette hautement fonctionnali sé, contenant une diénone ainsi qu ' un 
cycle aromatique lié a un carbone quaternaire. Cette méthodol ogie a également été appliquée 
à la synthèse de la Mésembrine, un alca loïde de la famille des Amaryllidaceae (Schéma 17). 
OH TMS1(Br 1~ 
Me 
1 








Me 1 -" 
'N "" OMe 
1 p-Ns 
62 
Schéma 17 : Application à la synthèse de la Mésembrine 
Mésembrine 
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Bien que très efficaces, ces réactions présentent l' inconvénient de n'être compatibles 
uniquement avec les phénols di-substitués en position ortho, évitant ainsi 1' obtention de 
produits secondaires d' additions nucléophiles sur ces positions. 
Des migrations de groupements aryls ont également été démontrées possibles de manière 
intramoléculaire par notre laboratoire, lors de transpositions 1,2 et 1,3 de type Wagner-




Schéma 18 : Transposition 1,2 de type Wagner-Meerwein 
Ces transpositions 1 ,2 et 1 ,3 oxydatives à 1' iode hypervalent permettent 1 'obtention rapide de 
diénone prochirale, un carbone quaternaire lié à plusieurs centres S/ ainsi qu'une fonction 
carbonyle ou un précurseur. Une version énantiosélective de ce procédé a également été 
développée par l' utilisation d'un composé énantio-enrichi. Les produits formés représentent 
le squelette principal de nombreux produits naturels biologiquement actifs. Pour illustrer la 
portée de ces transpositions, la synthèse rapide de plusieurs systèmes polycycliques a été 
réalisée, ainsi que la synthèse formelle de l' acétylaspidoalbidine, un alcaloïde héxacyclique 
de la famille des Aspidosperma (Schéma 19). 
1,3-Shift 
Rz R 




66 67 Acétylaspidoalbidine 
Schéma 19 : Transposition 1,3 et application à la synthèse de l' Acétylaspid oalbid ine 
Réalisées sur des phénols, ces réactions s'avèrent efficaces avec de nombreux groupements 
allyles mais restent limitées dans le cas de migration de groupements vinyles ou phényles . 
Il 
Dans le cas de notre méthodologie, les réactions /pso-oxydatives développées présentent 
l'avantage d'être compatibles avec des phénols non-substitués en position ortho et permettent 
la migration de groupements aromatiques substitués riches en électrons. Ces réarrangements 
/pso-oxydati fs ont également été réalisés sur des N-aryl sulfonamides, élargissant ainsi 
l' étendue de ces réactions. 
Au cours de cette transformation, une oxydation de phénol 68 par du DIB conduit à la 
formation d' un ion phénoxonium dans un état de transition de type chaise. L' intermédiaire 69 
form é est ensuite piégé de manière intra-moléculaire par un groupement aromatique présent 
sur la chaine latérale, grace à un groupement protecteur de type TBDPS. Cet aromatique 
réalise alors la substitution Ipso, conduisant à la formation de la diénone prochirale 70. 
L' expul sion du groupement si licium se fait par attaque nucléophile de 







0, Ar R2 Si 1Bu' Nu 
70 
Schéma 20: Mécanisme des réactions ipso-oxydatives 
En application à ces nouvelles réacti ons ipso-oxydatives, la synthèse de la Sceléténone, un 
autre alcaloïde de la fam ille des Amaryllidaceae, a été réa li sée (Schéma 21 ). Isolée de 
Aptenia Cordifolia en Afrique du Sud, la Sceléténone possède notamment des propriétés anti-
d . 29 epresstves . 
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Schéma 21: Application à la synthèse de la Sceléténone 
O. 4. Cycloadditions 
Développée dans les années 1960 par Huisgen30, les cycloadditions 1,3 dipolaires, ou 
cycloadd itions [2+3], appartiennent à la famille des cycloadditions péricycliques 
concertées31. Rapide et effi cace dans la synthèse d' hétérocycles à 5 membres, cette réaction a 
lieu entre un dipôle 1,3 73 et un dipôlarophile 74 (Schéma 22). 
e Rz c B ®~ + Q R1-K ~c Il }--{ 
, A 
RI R3 R~ R2 
73 74 75 
Schéma 22: Réaction de cycloaddition 1,3 dipôlaire 
Durant la cycloaddition, 4 électrons n du dipôle 1,3 réagissent avec 2 électrons n du 
dipôlarophile. La réactivité et la régiosélectivité sont régies par la théorie HO/BV et il existe 
deux types d' intéractions (Schéma 23). 
Dipôle 1,3 Dipôlarophile 
R,t·~ . 
- -- -~EWG 




Dipôle 1 ,3 BV 
Dipôlarophile HO 
Schéma 23: Orbitales moléculaires et intéractions HO/BV 
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Parmi les dipô les 1,3 les plus connus et les plus uti lisés, on peut citer les oxydes de nitriles, 
les nitrones, les azotures ou encore les diazoalcanes et l'ozone (Schéma 24). 
(±) 8 
R =N-0 
Oxyde de nitrile 
8 










Schéma 24: Exemples de Dipôles 1,3 
Ozone 
L' utili sation de l' ion phénoxonium comme dipôle 1,3 dans des réactions de cycloadd ition 
[2+3] à l' iode hypervalent a déjà été démontré possible par notre laborato ire plusieurs années 
auparavant. En effet, le traitement de divers phénols substitués 76 en présence de 
diacétoxyiodobenzène et de furane dans le trifluoroéthanol a permis la réalisation de 
réactions de cycloaddition [2+3] oxydatives forme lles de manière effi cace (Schéma 25). 14a 
OH Q Phi(OAc)z <±> D5 -H J Co R , 1 '0 
R R 
76 77 78 
Schéma 25 : Cycloaddition [2+3] de phénol et de furane en présence d'iode hype•·valent 
En application de cette méthode basée sur le concept d ' Umpolung aromatique, les synthèses 
diastéréosélectives et rapides du (±)-panacène et du (±)-desbromopanacène ont été réalisées 







R 1=Br, R2=H 
(±)-panacène 
Schéma 26: Application aux synthèses du (±)-panacène et du (±)-desbromopanacène 
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Corey a également développé des réactions de cycloadditions [2+ 3] formelles asymétriques 
entre des benzoquinones et des éthers vinyliques catalysées par un ion oxazaborolidinium 
chira132 . Cette réaction procède avec d 'excellents excès énantionmeriques et a été applique à 
la synthèse énantioselective de l' Aflatoxin B2 (Schéma 27). 
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Schéma 27: Cycloaddition [2+3] asymétrique et synthèse de I'Aflatoxin B2 
Des réactions de couplage ont également été développées par oxydation de N-aryl 








Schéma 28 : Réactions de couplage de N-a1·yl méthanesulfonamides et de thiophènes 
Fonctionnant de manière efficace, les réactions précédentes sont cependant limitées à 
1 ' utilisation de furan es ou de thiophènes en tant que dipôlarophiles ou partenaires de 
couplages. Dans notre cas, l'applicabilité de ces réactions de cycloadditions [2+3 ] et de 
cou lages a été étendue à l' utilisation de dérivés benzèniques et na htaléniques non activés, 
en temps normal peu réactifs. 
Comme évoqué précédemment, la réaction de cycloadd ition [2+ 3] développée est fo rmelle. 
E lle a lieu entre un ion phénoxonium (ou phénoximinium) résultant de l'oxydation d ' un 
phénol 84 (ou aryl-sulfonamide) par un réactif d'iode hyperva lent, et un dérivé benzénique 
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non activé 85 (Schéma 29). Le produit 86 obtenu est alors une molécule polycyclique où le 
dérivé benzénique a subit une désaromatisation, permettant de nombreuses 
fonctionnalisations subséquentes. Le produit de couplage bi -ary lique 87 peut éga lement être 
synthétisé par traitement en milieu acide du produit de cycloaddtion, ou bien directement en 
réalisant l'oxydation avec un aryl-sulfamide. 
~ ~ XH RI x -:?' Q Q Rz Rz HFIP w ~ H + .6-pwz+ R Rz R R 
X=O R 1=I 
Cycloaddition Couplage bi-arylique 
86 87 
orNS02Me orH 
84 85 X=NSOz-N8 t 
Couplage bi-arylique direct 
Schéma 29: Réactions de Cycloadditions et de Couplages 
Mécanistiquement, l'oxydation du phénol 88 par de l' iode hypervalent conduit à la formation 
de l'ion phénoxonium 90, qui pour des raisons stériques, est piégé en position ortho par le 
dérivé benzénique 91 utilisé, condu isant à la formation de l' intermédiaire de type Whe land 
92 (Schéma 30) . Cet intermédiaire est ensuite piégé de manière intramoléculaire par le 
doublet de l' oxygène permettant l'obtention du composé 93 . La présence d ' une sulfone sur la 
chaine latérale se revèle être essentielle car elle permet, à l' instar de I'HFIP, une stabilisation 
du cation formé, lui donnant ainsi un temps de vie suffisamment long pour que la réaction se 
produise. 
x 
<±l Q R' OH 0 0 ~ ~ R' ~e [0] R' - - .ô ~ X=IouH <±l 91 H 
OzS,R OzS,R OzS,R OzS,R OzS,R 
88 89 90 92 93 
Schéma 30: Mécanisme des cycloadditions désaromatisantes 
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O. 5. Synthèse de Strychnine 
Isolée des graines de Strychnos ignatii Bergius et Strychnos nux-vomica33 , la Strychnine 
appartient au genre Strychnos, tout comme l' icajine et l'akuammicine (Schéma 31). C ' est 
1 ' un des alcaloïdes les plus connus au monde, autant par les chimistes que par le grand public 
du fait de ces propriétés biologiques. En effet, en plus d ' être un poison ayant été utilisé dans 
de nombreux meurtres34, la Strychnine est considérée comme la première synthèse totale 
complexe, réalisée en 1954 par Woodward35 . Cette synthèse conclut ainsi un processus 
d ' isolation et d' élucidation structurale entamé en 1818 par Pelletier et Caventou36, et auquel a 
notamment contribué Robinson, prix Nobel en 194 7 pour ses travaux sur les alcaloïdes. 
Strychnine lcajine Akuammicine 
Schéma 31: Alcaloïdes du genre Strychnos 
Dans la nature, la biosynthèse37 de la Strychnine débute par une condensation de Pictet-
Spengler entre la tryptamine et la sécologanine afin de former la strictosidine, permettant 
d'obtenir la geissoschizine après déglycosilation (Schéma 32). Un réarrangement oxydatif de 
l'indole permet l'obtention du spiroxindole 94, qui après condensation avec le motif 1,3-
dicarbonyle masqué donne la déhydropréakuammicine. Une décarboxylation aboutit à la 
norfluorocurarine. Ensuite, une oxydation de la position allylique terminale, suivi d' une 
réduction du formamide vinylque donne l' aldéhyde de Wieland-Gum lich38, un produit naturel 
également connu sous le nom de curacurine VII . Enfin, la Strychnine est obtenue par 
condensation avec de l' acide malonique39 . 
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Norfluorocurarine Aldéhyde de Wieland-Gumlich Strychnine 
Schéma 32: Biosynthèse de la Strychnine 
Dès lors, de nombreuses synthèses totales, racémiques et asymétriques, ont été réalisées au fil 
des années40-41. 
Inspirée de la biosynthèse, la synthèse réalisée par Woodward en 1954 est un événement 
marquant dans le domaine de la synthèse totale (Schéma 33)35. La cible de ces travaux est 
l'isostrychnine permettant d'obtenir la Strychnine par traitement en milieu basique. 
L' isostrychnine a ainsi été obtenue à partir de 1' a -cétolactame 95 notamment par une 
alkylation et un réarrangement allylique. L' héxacycle 95 a été synthétisé à partir du y-amino 
acide 96 par une cyclisation oxydante avec du dioxide de Sélénium, lui-même obtenu par 
une condensation de Dieckmann du di-ester 97. Le groupe du Pr. Woodward a ensuite utilisé 
un groupement vératryl comme précurseur d 'ester, permettant la formation du lactame après 
une coupure oxydante du composé 98. Enfin, cette immine a été synthétisé à partir de l'indole 
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Ce cha llenge relevé par le groupe du Pr. Woodward a permis de mettre en avant des concepts 
importants en synthèse tota le, comme l'uti li sation de groupements précurseurs de fonctions 
réactives ainsi que l' importance des réactions intramolécu laires . 
Rawal a également réa lisé la synthèse racémique de la Strychnine en 1994 (Schéma 34)40e. 
Cette synthese est à l' heure actuel le l' une des plus efficaces, avec un rendement g lobal de 
10% sur 13 étapes. Elle comporte notamment une extension de cyc le du cyclopropane 
permettant l' obtention de la pyrroline 101 à partir de la cyclopropyl imine 102, ainsi qu ' une 
réaction de D iels-Aider intramolécu laire et une a lkylation de l' amine secondaire afin de 
former le pentacycle 100. L'isostrychnine est ensuite obtenue par un couplage de Heck suivi 






Extension de cycle 
du cyclopropane 
100 
D Diels-Alder intramoléculaire 
Schéma 34 : Rétrosynthèse de Rawal 
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La rétrosynthèse envisagée par notre laborato ire po ur la synthèse forme lle de la Strychnine 
est la suivante (Schéma 35) . La Strychn ine sera synthéti sée à partir de l' intermédiaire de 
synthèse forme lle 100, par une réactio n de Heck suiv i d ' une déprotecti on de l' a lcoo l primaire 
en milieu ac ide et d ' une cyclisation en milieu bas ique de l' isostrychnine obtenue40e, 40P. Cette 
amine cyclique sera préparée à partir du prod uit 103, par une isomérisation réductri ce et une 
double amination réductrice. Cet a ldéhyde sera obtenu à partir du tétracyc le 104 par une 
a lly lation en milieu bas ique suivie d ' une coupure oxydante. Le tétracyc le sera synthéti sé à 
parti r de la diénone 105 par une cycli sation par un procédé tandem aza-M ichae l-éther d ' éno l 
silylé suivi d ' une réaction de Heck intramo lécu laire. Cette diénone sera obtenue à partir du 3-
(4-hydroxyphényl)propionate de méthyle 106 par une amidification de Weinreb suivie d ' une 




Strychnine 100 103 
104 
105 
Schéma 35: Schéma rétrosynthètique 
CHAPITRE I 
RÉACTIONS IPSO-OXYDATIVES ET SYNTHÈSE DE LA SCELÉTÉNON E 
1. 1. Introduction 
Du fa it quelles se retrouvent dans un nombre important de produits naturels biologiquement 
acti fs, les structures contenant un carbone quaternaire connectée à un groupement aryle et 
possédant un motif de type cyclohéxanone suscitent un grand intérêt. 
C' est le cas notamment des alcaloïdes de la famille des Amaryllidaceae te ls que la 
sceléténone ainsi que son dérivé méthylé, la 0 -méthy lsce léténone, possédants des propriétés 
anti-dépress ives. 
Pour générer ces structures, nous avons développé une approche impliquant un 
réarrangement ipso-oxydatif intramoléculaire via l'oxydation d' un phénol substitué 
possédant un groupement migrant de type aryle porté par un atome de silic ium présent sur la 
chaine latérale. 
1. 2 . Info rmations supplémentaires 
L ' article issu de ces travaux est présentée à 1 'Annexe A. Les informations supplémentai res, 
contenant les protoco les expérimentaux ainsi que les caractérisations et spectres RMN, sont 
présentées à l'Annexe B . 
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1. 3. Conclusion 
En conclusion, un nouveau réarrangement ipso-oxydatif intramoléculaire a été développé 
avec succès. Cette transformation fournit de nouvelles stratégies en synthèse totale en 
permettant, à partir d' un simple composé aromatique stable, l'obtention d' une diénone 
reactive possédant un carbone quaternaire polyfonctionnalisé, caractéristique de nombreux 
produits naturels. 
L'uti lité de cette méthodologie a également été illustrée par la synthèse de la 0-
méthylsceléténone et de la sceléténone, respectivement en 8 et 9 étapes, deux alcaloïdes de la 
famille des Amaryllidaceae possédant des propriétés anti-dépressives. 
CHAPITRE II 
RÉACTION S DE CYCLOADDITIONS OXYDATIVES ET DE COU PLAGES SUR DES 
DÉRIVÉS AROMATIQUES NON-ACTIVÉS 
2. 1. Introduct ion 
Généralement réa li sées sur des alcè nes ou des alcynes, les réactions de cyc loaddition 
présentent un grand intérêt en synthèse. Cependant, une transformation s imil aire permettant 
la désaromati sation d ' un lien 11 d ' un système aromatique normalement inerte fo urnirait un 
moyen effi cace pour la préparati on d' intermédiaires polyfonctionnali sés. De nombreuses 
réactions pourra ient notamment être réalisées sur les doubles lia isons restantes pour générer 
rapidement des produits complexes à partir de dérivés aromatiques simples. 
En revanche, les réactions de couplage bi-aryliques ont reçu une attention particul ière ces 
dernières années de part le nombre important de produits naturels possédant ce type de 
structures, a insi que par l' utili sation mass ive de composés bi-ary li ques chi raux dans les 
réact ions asymétriques. Impliquant généra lement l' utilisation de métaux lourds, des réactions 
de couplage bi-aryliques réa lisées sans métaux ont également été reportées. Celles-ci utilisent 
des réactifs à l'iode hypervalent et des thiophènes, polyméthylbenzènes ou dérivés d ' an iso le 
en tant que partenaires de couplage. 
Pour réaliser ce type de transformations, nous avons déve loppé de nouve ll es réactions de 
cycloaddition [2+3] à l'iode hypervalent entre des dérivés benzèniques et des phénols ou 
anilines. L' utilisation de conditions légèrement modifiées ont également permit l' obtention 
du produit de couplage bi-arylique entre deux composés aromatiques non-activés. 
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2. 2. Informations supplémentaires 
L'article issu de ces travaux est présentée à 1 'Annexe C. Les informations supplémentaires, 
contenant les protocoles expérimentaux ainsi que les caractérisations et spectres RMN, sont 
présentées à l' Annexe D . 
2. 3. Conclusion 
En conclusion, de nouvelles réactions de cycloadditions désaromatisantes entre des phénols 
ou anilines et des dérivés aromatiques ont été développées. 
Permettant l'obtention rapide de composés fonctionnalisés et hautement fonctionnalisables , 
ces réactions sont rendues possibles par l' utilisation d' un groupement sulfonyle permettant la 
stabilisation de l' espèce électrophilique générée durant le processus d'oxydation à l'iode 
hypervalent. Un simple traitement en conditions acides a ensuite permit d ' obtenir le produit 
de couplage bi-arylique avec d 'excellents rendements. 
Des conditions d 'oxydation légèrement modifiées ont également été utilisés afin de réaliser 
directement le couplage bi-arylique entre deux composés aromatiques non activés, 
constituant ainsi une alternative efficace pour l'activation de lien C-H. 
CHAPITRE III 
SYNTHÈSE FORMELLE DE LA STRYCHNINE 
3. 1. Introduct ion 
Isolée des graines de Strychnos ignatii Bergius and Strychnos nux-vomica, la Strychnine est 
un des alcaloïdes les plus connus de par ces propriétés bio logiques. Iso lée par Pe lletier et 
Caventou en 1818, cet alcaloïde du genre Strychnos fût synthètisé pour la première fo is par 
Woodward en 1954 . Cette synthèse totale est considérée comme la première synthèse 
complexe et conclut un processus d ' isolation et d ' éluc idation structurale auquel a notamment 
contribué Robinson, prix Nobel en 1947 pour ses travaux sur les alcaloïdes. Véritable source 
d ' inspiration ayant permit des avancées en synthèse organique, la strychinine est un alca loïde 
heptacyc lique dont de nombreuses synthèses racémiques et asymétriques ont été réa li sées. 
La synthèse fo rmelle rapide développée par notre laboratoire est réa li sée en 8 étapes et 
comporte notamment une déasromati sation de phénol à l' iode hyperva lent, une cyclisation de 
type Heck, un procédé tandem aza-Michae l-éther d'énol non reporté à ce jour ainsi qu ' une 
isomerisation reductive et une double amination réductrice. L' intermédia ire de synthèse 
fo rme lle obtenue permet ensuite l'obtention de la strychnine en 2-3 étapes, conformément 
aux travaux menés par Rawa l en 1994 . 
3 . 2. Info rmations supplémentaires 
L ' article issu de ces travaux est présentée à l' AnnexeE. Les informations supplémentaires, 
contenant les protocoles expérimentaux ainsi que les caractérisations et spectres RMN, sont 
présentées à l'Annexe F. 
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3. 3. Perspectives et travaux futurs 
Afin de finaliser ce travail portant sur la synthèse formelle de la Strychnine et publier l'mticle 
définitif, les conditions expérimentales de double amination réductrice seront améliorées et la 
version asymmétrique sera développée. A l' heure actuelle, le produit de synthèse formelle 
100 a été isolé avec des rendements faibles (29%), dans un mélange 1 :1 avec son 
diastéréoisomère possédant le cycle a 5 trans 107. 
100 107 
La version asymétrique de la synthèse est également à l'étude et pourrait être obtenue lors de 
l'étape de cyclisation tandem aza-Michael-éther d 'énol par l'emploi d'un catalyseur chiral. 
Ce genre de désymetrisation de diénone a été démontré possible par Y ou en 20 Il par 
l' utilisation de dérivés de cinchonine (Schéma 36)42. 
0 
~HPg DCM,rt 110 5 mol% 
108 109 
Schéma 1 : Réaction de désymétrisation de diénone 
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3. 4 . Conclusion 
En conclusion, une synthèse formelle de la strychnine a été réalisée en 9 étapes à partir d' un 
phénol simple et bon marché. Cette synthèse formelle comporte notamment une 
déasromati sation de phénol à l' iode hypervalent, une cycli sation de type Heck, un procédé 
tandem aza-Michael-éther d ' énol non reporté à ce j our ainsi qu ' une isomeri sat ion reductive et 
une double amination réductrice. 
Cette synthèse permet également de mettre en lumière l' util isation de l' iode hyperva lent en 
synthèse totale de produits naturels complexes . La vers ion asymétrique de cette synthése et 
l'optimisation de ce11aines réactions présentées est présentement à l' étude au laboratoire. 
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CONCLUSION 
En conclusion, de nouvelles méthodo logies d 'oxydations à l' iode hyperva lent ainsi qu ' une 
synthèse totale de la Strychnine ont été développées . Les réactions /pso-oxydatives ont 
permis l' obtention de composés hautement fonctionnalisés possédant une diénone prochirale 
et un carbone quaternaire connecté à plusieurs carbone sp2. Les insaturati ons "dormantes" du 
phénol révé lées lors de l' oxydation permettent de nombreuses fo nctionnali sations 
subséquentes et les applications possibles en synthèse de produits natu re ls sont nombreuses. 
L' applicabilité de cette méthode a été illustrée par la synthèse de la 0 -méthylsceléténone et 
de la Sceléténone, deux alcaloïdes naturels de la famille des Amaryllidaceae. 
De nouvelles réactions de cycloadditions entre un phénol (ou ary l-sul fonamide) et un dérivé 
benzénique ont également été développées. Rendues poss ibles par la présence d' un 
groupement sulfonyle stabilisant l'électrophile formé, ces réactions permettent l'obtention de 
polycycles fonctionnalisés dont les potentielles applications en synthèse sont multiples. Cette 
méthodologie pernet également l'obtention de produit de couplage bi-arylique, sans utili ser 
de métaux, de manière directe et indirecte. 
Enfin, une synthèse formelle et rapide de la Strychnine a été développée. Réa lisée en 9 étapes 
à partir d ' un phénol peu couteux et fac ilement access ible, cette synthèse met en j eu une 
réaction de désaromatisation oxydative de phénol à 1' iode hyperva lent, une nouve lle réacti on 
tandem aza-Michae l-éther d'énol silylé ainsi qu ' une réaction de Heck. 
Tous ces travaux mettent en lumière 1' importance des réacti fs à base d' iode hypervalent et 
leur exceptionne lle uti lité en synthèse tota le de prod uits naturels. 
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ABSTRACT: An oxidative ipso-rearrangement mediated by a 
hypervalent iodine reagent that enables rapid generation of a 
functionalized dienone system containing a quaternary carbon 
center connected to severa! sp' centers has been developed 
The process occurs through t ransfer of an aryl group from a 
silyl segment present on the lateral chain. As an ûlustration of 
the potential of this transformation, a total synthe sis of sceletenone, a small al.kaloid, is described. 
1111 INTRODUCTION 
Structures containing a quaternary carbon center c.onnecte.d to 
an aryl group and including a cydohexanone derivative have 
attracted substantial intere;t due to the large number of 
bioactive natur,ù products containing a similar motif, including 
Amaryilidaceae alkaloids such as 0-methylsceletenone l a, 
isolated from Aptenia Cordifolia 1 in South Africa, and it' 0-
demethylated analogue sceletenone, iso lated from the phenolic 
alkaloid fraction of Scclclirmr strictum. 1 8oth of these 
compounds are potent serotonin reuptake inhibitors. Other 
examples include narwedine" 2 and vindoline 3, which is an 
important moiety of \incristine, a mitotic inhibitor isolated 
from catharm1tlws roseus3 and used in cancer c.hemotherapy 
(Figure 1 ). 
Figure 1. Natural alkaloid,"i (<.Hltaining quaternary carbon ccntcrs. 
To generate these structures, we have developed an approach 
involving a hypothet ical intramolecul ar "oxi dative ipso-rear-
rangement" promoted by subsequent oxidatio n of a substi tute.d 
p heno l containin g a preactiva ted migrat ing group an d 
connected to a si~con atom on the lateral chain. We assun1e 
th at this process occurs via a chairlike transition state S leading 
to compound 6 (Figure 2). 
ln thL' paper, we describe an o:xidative ispo-shift process 
occurring in e.lectron-rich aromatic compounds and leading to 
the format ion of a prochiral dienone system containing a 
q uate.rnary carbon center connected to sever al sp2 cente.rs. 'l11e 
method is theo applied to the total syntheses of 0-
methylsceletenone and sceletenone, two natural alkaloids. 
A 
R, Ar 
,S( R, R3 
Ar O-\_p-( OH 
4 ~ 
"· 
Figure 2. Oxidativc ip.w-rearrangcment pathway. 
Ill RESU LTS AND DISCUSSION 
The approach requires activation ta transform the electron-ri dl 
phenol into an electrophilic species susceptible to trapping by 
the silyl-aryl group. Wh en the proc.ess involves an intermediate 
such as S it may be tem1ed "aromatic ring umpolung"! 
Although electron-rich aromatic systems sud1 as 4 normally 
react as nudeophiles, oxidative activation converts them into 
highly electrophilic species that may then be intercepted with 
appropriate nucleophiles. This umpolung activation is mediated 
by hypervalent iodine reagents such as iodobenzene diacetate 
(DIB) or equivalent mild oxidizing agents. The potential of this 
environmentaliy benign reagent was made evident in the 
pioneering work of Kita:1 ln particular, DIB pro mot es oxidative 
transformation of phenols6'7 in a manner consistent '"ith recent 
requirements for green chemical proœsses. A., observed by Kita 
and co-workers," DIB reactions generaily occur best in non-
nudeophilic highly polar solvents sud1 as trifluoroethanol 
(TFE) or h exa fluoroisopropanol ( HFll'). ln this paper, we 
p ropose an unp recedented ipso-rearrangement initiated by a 
hypervalent iodine reagent to form a functionalized dienone 
system containing a quaternary carbon center connected ta 
severa! s/ atoms including an aromati c moiety, a structural 
feature present in a large n un1ber of bio active natural products. 
Our first attempts to verify the feasibility of this transfom1ation 
were undertaken using a simple TBDPS (or a derivative)-
RN·t•ivcd: July S, 2012 
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protected alcohol functionality easily accessible on a large scale 
by protection of inexpensive starting materials 7 (Table 1 ). 
Table 1. Oxidative ipso-shift process 
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H H 4() 
H H 74 
H H 51 
H H ~...,..~ .. 
s, t-Bu 62 
t-Bu 1-Bu ss·· 
OM• H -t-t" 
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1A minor amount of OCH(CF3) 2 has bccn substituted by an acct:lte 
or an hydnnyl 
lt should be stressed that the reaction occurs in moderate to 
good yield (37- 85%) with a simple benzene derivative; 
however, the one-step transformation of the simple and easily 
accessible starting material 7 in a highly functionalized core 8 
would provide even more favorable results in tenns of global 
yield and number of steps than traditional methodologies. As 
expected with p-toluene and p -anisole derivatives (entries 7c 
and 7b), the reaction occurs in higher yield compared to entry 
7a due to the presence of an electron-donating methyi or 
methOJcy group in the para position. As previously observed in 
similar transformations, the reaction occurs in great er yields (up 
to 85%, entries 7e and 7t) when the phenol moiety is 
substituted with a tcrt-butyl group."d This can be rationalized by 
considering the tert-butyl group as an electron do nor stabilizing 
the electrophilic species 5, enabling the ipso rearrangement and 
limiting alternate reaction pathways such as elimination of a 
benzilic hydrogen. A surprising aspect of this process is the 
nucleophilic addition of HF Il' to the nascent asymmetric silicon 
center, sometimes accompanied by a sm ail amou nt of acetate 
(~ 10%) released from the hypervalent iodine reagent HF li' is 
a weakly reactive nudeophile and is normally considered an 
inert solve nt. Further treotment of the resulting die none system 
with TBAF furni•hes oxygenated versions of bicyclic systems 
similar to the natural products illustrated in Figure l. For 
example, oxidation of compound 9 followed by direct treatment 
of the crude mixture with TBAF leads to the bicyclic system 10 
in 4S% yield over two steps (Scheme 1). 
Scheme 1. Oxidative ipso- 1,4-Conjugate Addition 
~iMe3 Ph, 0 








H 0 092 
Br 10 
ln order to develop a method with favorable atom economy, 
dimers such as 12 containing two phenol moieties and two 
aromatic segments have been prepared. ln this ca.•e, only one 
silicon atom is used as a tether to generate two dienone 
subunit•, and subsequent treatment with TBAF produces the 
tricyclic core 13. ln order to generale the more elaborate 
quaternary carbon-connec.ted aromatic systems found in natural 
B 
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products, an o-anisole subun it was used as a migrating group. 
The corresponding dime r was obtained by treatment of 
dichloro -diarylsilane v.ith an 0-TBS-protected phenol foUowed 
by a selective phenol de p rotection in 57% overall yield (Scheme 
2). 
Schem e 2. Application to Dimeric Substrates 
\)CI,SIN2 --ch ~ ,......{n___~ OTBS DMF. lm•d. HO fJ ~ Y""-oM, 
1 \~ 2)TBAF(1.8eq.) =· ····O ·· Si ·· O .. ··\ o. bH 11 T>IF. O"C. sm;n 12 M,<l~ ···-·~ ..... F~ Ilrl 




2) TBAF. HlF -~ 
40% Over 13 If ~'/ 
2steps ~ 
The potential utility of this new method is demonstrated in 
an e>.peditious two-step method to generale the tetracyclic 
system 15, an m:ygenated version of the main core of vindoline 
3 (Figure 1 ). The oxidation occurs vi a ip.<o-rearrangement 
followed by a tetrahydropyran deprotec.tion and subsequent 
1 ,4-conjugate addition .from the result ing phenol moiety, 
provoked by the acidity of the medium used (HFIP and acetic 
acid released). Further treatment with TBAF fumishes the 
elaborated tetracydic core 15 in 40% overall yield from the 
simple dimer 14 (Scl1eme 3). 
Schem e 3. R.1pid Formation of Ox:ygenated Tetracyd ic Co re 
"'~:f"~" 0 '" 14 v 
1)Phi(0Ac), 




The process is not restricted to phenol derivatives, as 
illustrated by the generation of 17 from the aniline derivative 
16 under similar conditions. The reaction proceeds via 
formation of a sulîonyl dieniimine that is subsequently 
hydrolyzed under acidic conditions into dienone subunit 17 
in similar yield (Scheme 4 ). 
Scheme 4. N-(Sulfonyl)-aniline ipso-Transformation 
Ph, t·Bu ·~e02SHNUJ .S[' ~ 0 Pn 
16 ' _,; 
1) Phi(OAc}, 
HFIP. o•c 




As an initial application of the oxidative Ïp.<o-rearrangement, 
we de scribe the total syntheses of O-meù1ylsœletenone la and 
sceletenone lb. 1 These small molecules belonging to the 
Amaryilidaceae iamily are generally isolated in racemic fom1, 
most probably due to an aza-Michael / retro-Michael equili-
brium. The compounds are known to have antidepressant 
properties and are bioprecursors to the natural analogue 
mesembrine. " ·''A retrosynthetic pathway is presented in Figure 
3. 
<lx.doi.org/ l0.102 1/jo301408j !J. Org. Chcm xxxx, xxx. xxx- xxx 
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Figure 3. Retrosynthetic pathway tu 0-mcthylsccletenone and sccletcnone. 
Starting from compound 111
10 the primary alcohol 
functionalit:y is protected with a modified p-methoxy-TI:\DPSCl 
segment 19 using classical conditions. The. modified TI:\OPSCI 
reagent 19 is obtained by treatment of tert-butyltrichlorosilane 
with 2 equiv of the corresponding aryl-organolithium reagent 
lS. Selective de protection of the phenol group using potassium 
carbonate in methanol furnishes 7b in S 7% yield over two steps. 
At this stage, the key oxidative ispo·rearrangement promoted by 
a hypervalent iodine reagent produc.es the functionalized 
dienone system Sb in 74% yidd. lt should be noted that the 
silicon moiety used during this transformation not only act< as a 
simple protecting group but also enables the fom1ation of an 
important component of the target as a tether. ln addition, the 
modified fluorinated protecting group emerging in compound 
Sb remains available for further transformations (Scheme 5) . 
Scheme S. Oxîda tive Key Step 
Phi(OAc)J. 
HFIP, {) •c 
2n'llfl. 74% 
1} OMF, r1 , 12 h 
2) K2C0 -3. MaOH 
eo ·c. 1 h 
a7% overall 
A reduction of Ù1e ketone functionality in 8b v.ith DIBAL-H 
leads stereoselectively to the d iastereoisomer 20 in a 9:1 ratio. 
Subsequent deprotection of the primai'}' alcohol using TBAF 
produces the diol in 85% yield. A selective activation of the 







p rimary alcohol into a leaving group performed in the presence 
of a hindered sulfonyl moiety sucl1 as o-nosyl ch loride furn ishes 
compound 21 in 40% yield. Oxidation -..;th TPA.P/ NMO 
regene rat es the dienone system and furÙ1er treatrne.nt of this 
core wiù1 methylamine via a SN2-an-Michael tandem proce s.• 
leads to the target 0-meù,ylsce!etenone la in 76% yield. 
Desp ite the fact that 0-methyhceletenone l a are isoL'lted in 
racemic fom1, 1 Y ou and Gu 1 1 recently reported an asymmetric 
synthesis b ased on a sulfonamide derivative and employing a 
cinchonine-derived thiourea catalyst' 1 to desymmetrize enan-
tioselective ly similar dienone ''}'Stems. In addition, sceletenone 
lb can also be easily and quantitat ivdy obtained from la by 
tre.atment "ôth BBr,1 (Scheme 6). 
lill CONCLUS ION 
A practical new method for inducing intramolecular oxidative 
ipso·rearrangements is now available. The transformation 
provides new strategie opportunities by enabling one-step 
transformation of stable and simple aromatic compounds into 
more reactive dienone cores contain ing a polyfunctionalired 
quate rnary carbon center, a prominent feature of severa! natural 
product:s. The utility of titis method is illustrated through its 
appli cation to total ;'}'n theses of 0-methylsceletenone and 
sceletenone. 
lill EXPERIMENTAL SECTION 
Unlcss othcrwisc indkatcd, 1 H and 1 ;~C NM.R spcctra werc rcc:ordcd at 
300 and 7S MHz1 respective! y, in COC13 solutions. Chemical shifts are 
repo rtcd in ppm on the 0 sca.le. Multiplicitics are described as s 
( singlct), d (doublet), dd, ddd, etc. (doublet of doublets, doublet of 
double l' of doublets, etc.), t (triplet), q (qmrtet), quin (qtùntuplet}, m 
(muliiplct) and furth er qualifi cd >s app (apparent), br (broad}. 
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reconled from thin films. HRl\1S were measured in the electrospray 
(ESl ) mode on a LC-M$0 TC)F mass analyzcr. 
General Procedure for the Formation of Phenols 7. To a 
solution uf Il (2.52 mmol, 1.0 cquiv) in DMF (3.0 mL) was addcd 
imidazolc (ï.S6 mmol, 3.0 cquiv), and the solution was stirrcd forS 
min. TBDPS-CI (3.78 mmol, 1.5 cqLuv) was th en added, and the 
rcal-tion mi..xture was stirred at room temperature. The reaction was 
fo llowed by TLC. After complction, ether was addcd, fulluwcd by 
water. The aqueous phase was C);.i:ractcd wîth ethe r, and the organif..: 
phases wcre thcn wa.shed with watcr and brinc and then dricd \\ith 
Na!SO_.. The so lution was filtcred and conccntrated undcr varuum, 
and the n.-siduc was purified by siJica ge l chrum:1tography with a 
mLxturc of ethyl acetatc / hexanc to afford the protectcd alcohol. The 
substrate WJ.s thcn diluted in me thanol (16.0 ml ), K2C03 (5.04 mmol, 
2.0 cquiv) was ::tdded, and the solution was stirrcd ::tt 60 uc. l11c 
rca<.tion was followed by TLC. .Afl:er completion, a~Jucou,o; NH-1Cl was 
added, :md the aqueous phase \Vas cxtracted with DCM. The organic 
phases werc dried with Na2.SO-I, filtc red, and conccntratl•d undcr 
vaŒwn. The residuc w::t.<; th('n purificd by ,çiJica. gel chrom.:ltograph)• 
w ith a mb:turc of eth)~ acctate/ hcxanc to givc the corrcsponding 
phenol fur more details. 
General Procedure for the Oxidative ipso-Rearrangement. A 
solution of Ph i(OAc), (" OI.B", 78 mg, 0.24 mmol, 1.2 cquh•) in 
( CF1) 2CHOH ("HFIP"", 0.35 mL) was added drop'>ise ovcr 30 s tu a 
vigorously stirred solution of phenol (0.2 rn mol, 1 cqLuv) in HF Il' (0.6 
mL) .:lt 0 °C. The mixture w:ts thcn !\ tirrcd tOr 30 s and concentratcd 
under vacuum, and the rcsiduc was purificd by silka ge l 
chromatography with a mi."Xturc of eth)~ acetate/hexane. 
1-(2 -((tert-Butyl((1, 1, 1,3,3, 3-hexafluoropropan -2-yl )oxy) -
(phe nyl)s ilyl)oxy)ethyl )-[1, 1 '-biphenyl ]-4(1 H)-one (Sa). Pale ycl · 
low oil, 0.059 mmol, 31.9 mg, 40% yield; 1H NMR (300 MHz, 
COCI,} li 7.56 (m, 2H), 7.36 (rn, 8H), 6.98 (d, 2H,J = 10.0 H·,,), 6.36 
( d, 2H,J= 10.7 Hz),4.46 (hcpt, 1H,/ = 5.8 Hz), 3.90 (m, 2H), 2.51 
(t, 2H,J = 6.9 Hz), 0.98 (s, 9H); ''C NMR (75 MHz, COCI, ) 6 186.0, 
153.7, 153.7, 139.5, 135.7, 135.2, 131.1, 129.3, 128.7, 128.6, 128.6, 
128.3, 128.0, 127.8, 126.5, 70.6 (he pt,}, = 33.6 H1.), 60.8, 47.6, 40.1, 
27.0, 26.0, 19.4; H Rtv!S (ESI) cale<! fur C, H,.F, O,Si (M + H)" 
543.1785, found 543.1776. 
1-(2-((tert-Butyl((1, 1,1 ,3,3,3-h exafl uoropropa n-2- yl )oxy)(4 -
methoxyphenyl)silyl)oxy)ethyl)-4 ' -m etho xy· [1 , 1 ' -biphenyi]-
4(1H)-one (Sb). Pale ycllow oiL 0.033 mmol, 20.0 mg, 74% yicld; 'H 
NMR (300 MHz, COCI, ) li 7.50 (<~ J = 8.6 Hz, 2H), 7.23 (t, J = 6.0 
H1., 2H), 6.93 (dt,} = 14.3, 8.5 Hz, 6H), 6.34 (d,J = 9.9 H1, 2H), 4.43 
( hcpt, IH, J = 5.8 Hz), 3.90 {m, 2H), 3.84 (s, 3H), 3.80 {s, 3H), 2.46 
(t, J = 6.9 Hz, 2H), 0.97 (s, 9H); " C NMR (75 MHz, CDC1;) 6 186. 1, 
161.9, 159.2, 154.1, 154.1, 137.3, 136.9, 131.1, 128.3, 128.2, 127.7, 
119.3, 114.7, 114.1, 70.5 (hcpt, j, = 33.6 Hz), 60.7, 55.5, 55.19, 55.1, 
47.0, 40.1, 25.9, 19.5, 19.3; HRMS (ESI) calcd n>r C,., H,:,F6 0 ,Si (M + 
H)"" 603.1996, fouml 603 .1986. 
1-(2-((tert-Butyl((1 , 1, 1 ,3,3,3-hexafluoroprop an-2-yl)oxy)(p-
tolyl)silyl)oxy)ethyl)-4'-methyl-[1, 1 '-biphe nyi]-4(1H)-one (Be). 
Pale ycllow oit 0.021 mmol, 12.2 mg, SI % yicld; 1H NMR (300 
MH1., COCI,} 15 7.46 (d, J = 7.8 Hz, 2H ), 7.25- 7. 15 (m, 6H), 6.96 (d, 
J = 9.6 Hz, 2H ), 634 (d, J = 9.8 H1., 2H), 4.43 (hL"J't, 1 H, f = 5.8 Hz), 
3.8 7 (rn, 2H), 2.47 (t,J = 6.9 H1., 2H), 2.38 {s, 3H ), 2.34 (s, 3H), 0.97 
(s, 9H); ''C NMR (75 MH z, COCI_, ) o 186.1, 154 .0, 154.0, 14 1.3, 
137.8, 136.4, 135.3, 130.0, 129.1, 128.5, 128.4, 126.4, 125.0, 70.5 (he pt, 
j, = 33.6 Hz), 60.7, 47.4, 40.1, 26.0, 25.9, 21.7, 21.1, 19.4; IR 11 (cm·- •) 
1667, 1626, 1218, 1106; HRMS (ESI) calcd for C, H, F6NaO,Si (M + 
Na)" 593.1 917, tound 593.1910. 
1-(2 -( (tert-Butyl(( 1, 1,1 ,3,3,3-hexatluoropropan-2-yl)oxy)-
(phenyl)silyl)oxy)propyl)-[1, 1 '-biphenyi]-4(1H)-one (Bd). Pale 
yclluw uil, 0.012 mmol, 6.1 mg, 37% yield; 'H NMR (300 MH1., 
Coq.) 15 7.45-718 (m, 5H), 7.08-6.99 (rn, 2H), 6.41 (dd,} = 10.1 , 
1.8 Hz, IH), 6.30 (dd,J = 10.1, 1.8 Hz, IH), 4.63 (h,J = 5.8 H·t, IH ), 
4.10 (m, IH), 2.48 (dd, J = 14.1, 5.6 H·t, 1H), 2.21 (dd,} = 14.1 , 3.5 
H z, 1H), 1.25 (d,J = 6.1 H1., 3H), 0.95 (s, 9H). ne NMR (75 MHz, 
COCI ,) ii 187.0, 155.5, 154.0, 139.9, 129.3, 128.9, 127.9, 127.5, 126.6, 
70.2 (hcpt, J, = 33.6 ltt), 67.3, 48.2, 47.8, 25.8, 25.2, 1 7.4; IR!! (cm- 1) 
D 
35 
3354, 1654, 1617, 1376, 1292, 1227, 1195, 1103; HRMS (ESI) cohl 
for C,H,.F, NaO,Si (M +Na)· 519.1397, found 519. 1399. 
3 -Bromo-5-( tert-butyl) -1-( 2-((tert-butyl(( 1,1, 1 ,3,3,3 -hexa-
tlu oropropan-2-yl)oxy)( phenyl) silyl )oxy)ethyl)-[1, 1 '- biphenyi] -
4 (1H)-one (Se). Pale ydlow oil, 0.018 mmol, 12.0 mg, 62% yicld; 1H 
NMR (300 MHz, CDCI.,) 15 7.57 (m, 2H), 7.39 (m, SH ), 7.29 (d, IH, 
J = 1.7 Hz), 6.71 (dd, 1 H,} = 4.6, 2.8 Hz), 4.46 (hcpt, 1 H, J = 5.8 H·t), 
3.84 (m, 2H), 2.49 (m, 2H), 1.24 (s, 9H), 1.00 (s, 9H); " C NMR (75 
MHz, COCI;} /j 178.5, 152.1, 152.1, 147.0, 146.9, 145.3, 14S.I9, \39.3, 
139.3, 135.3, 135.2, 131.2, 129.5, 128.5, 128.4, 128.3, 128.1, 126.4, 
125.7, 125.5, 70.5 (hcpt,], = 33.6 Hz), 60.6, 49.8, 49.8, 40.2, 35 .5, 
29.2, 26.0, 19.4; IR v (cm·· •) 1659, 1232, 1229, 1197, 1106; HIUV1S 
(ES!) calcd for C3 ,H,,BrF. Na03Si (M + Na) ' 701. 1320, found 
701.1314. 
3,5-Di- tert-butyl -1-(2 -((tert-butyl(( 1, 1,1 ,3,3,3-he xa flu o ropro-
pan-2-y l)oxy)(phenyl)si lyl)oxy)ethyl)-[1 , 1 '-biphenr, IJ -4(1 H)-one 
(Sf). Pole ydlow oi], 0.02 mmol, 13.2 mg, 85% );cid; H NMR (300 
MH·t., CDCI 1) 15 7.59 (m, 2H), 7.40 (m, 6H), 7.29 (m, 2H), 6.55 (m, 
2H), 4.45 (h~pt, 1 H,} = 5.8 Hz), 3.79 (ddd, 2H, J = 10.7, 5.5, 2.7 Hz), 
2.48 {rn, 2H), 1.21 (s, 9H), 1.19 (s, 9H), 0.99 (s, 9H ); " C NM R (75 
MH·t, COCI_,) ii 186.2, 146.7, 146.7, 144.6, 144.5, 141.8, 135.3, 131.1, 
129.1, 128.8, 128.2, 127.4, 126.3, 70 .5 (hept, j, = 33.6 Hz), 61.1, 45.6, 
39.9, 35.0, 35.0, 29.5, 29.4, 25.9, 19.4; IR v (cm- ' ) 1644, 121 5; HRMS 
(ES I) calcd for C3.-H.,.CIF60 , Si (M + Clt 689.2658, fou nd 689.2674. 
1-(2-((tert-Butyl((1 , 1,1 ,3,3,3-hexafluoropropan-2-yl)oxy)-
(phenyl)silyl)oxy)ethyl )-3-methoxy-[1, 1 ' -biphenrl]-4( 1H)-one 
(Sg) . PJ.le ycllow o il : 0.012 mmol, 7.0 mg, 44% yidd ; H NMR (300 
MHz, COCI,) li 7.62 (m, 4H), 7.40 (rn, 6H), 6.82 (dd, IH, J = 9.9, 2. 1 
H'f,), 6.12 (d, J = 2. 1 Hz1H), 6.01 (d, IH,J = 9.9 Hz), 5.54 (hcpt, 1H, 
} = 5.8 Hz), 3.83 (t, 2H,J = 6.0 Hz), 3.35 (s, 3H), 2.48 (t, 2H, J = 5.8 
Hz), 1.03 (s, 9H); '1C NMR (ISO MHz, CDCJ3) ii 143.9, IJ7.6, 135.7, 
135.7, 135.1, 133.3, 133.3, 129.9, 129.6, 129.3, 128.7, 128.3, 127.9, 
125.1, 124.9, 67.5 (hcpt,], = 33.6 Hz), 62.3, 52.2, 38.4, 29.9, 26.9, 
25.8, 19.2; calcd fur C,. H.30F, O,SiNa (M +Na) " 595.1170, found 
595.1171. 
5-Bromo-3a-phenyl-3,3a,7,7a-tetrahydrobenzofuran-6(2H)-
one (10). Pale ycllow oiL 0.018 mmol, 5.2 mg, 45% yicld ovcr 2 steps; 
1H NMR (300 MH7, CDCI ,) ii 7.38 (m, 5H), 7.19 (d, 1H, j = 2.2 
H·1.), 4.35 {q, tH,} = 2.8 Hz), 4.12 (td, 1 H,J = 8.8, 3.1 Hz), 3.95 (ddd, 
1H, J = 9.7, 8.6, 6.8 Hz), 3.01 (ddd, IH,j = 1 7.2, 3.1, 0.7 H1.), 2.74 (m, 
2H), 2.36 (ddd, IH, f = 12.9, 6.8, J. l Hz) ; '·' (: NM R (75 MH1., 
CO CI,) ii 188.6, 150.7, 138.6, 129.4, 128.1, 126.6, 124 .0, 83.1, 67.1 , 
54.6, 4<J.2, 38.9; cakd f<>r c .. H,p ,llr (M + H)• 293.01 72, fuund 
293.01 71. 
4,4' · (((Bis(2-methoxyphenyl)silanediyl)bis(oxy))bis(ethane-
2, 1-diyl))diphenol (12). To a solution of 18 ( 16.7 mg, 0.066 mmul, 
1.0 Cl]Uiv) in DMF (1.0 mL)'""' addc,! imidawle (53.9 mg, 0.792 
mmul, 12.0 ec.p.tiv ), and the solution was stirred during S min. The 
solution was thcn :~dded to a so lution of"dil:hlnmsîlanc" (0.198 mmol, 
3 .0 cquiv) in DMF ( 1.0 mL). The reaction mixture was stirrcd at room 
temperature, and the re:1ction was tOIIowed by T LC . Aftcr completion, 
ether wa.~ addcd, followcd by water. The ;tqm.'uus phase was extracted 
with e ther, and the orga.nic phases wcn: thcn washed with w ater and 
brinc and thcn dricd with N a.2S04. T he solution was tiltt:red and 
conccntratcd undcr vacuum, :md the residuc '"'ts purifi~XI by .'> ilica gd 
c hro matography with a mixture of cth)1 acetate/ hcxanc to atford the 
pru tcLtLxl dimcr. To this dimcr in THF {1.0 mL ) was odded T BAF 
( 42pL, 0.042 mmol, 1.8 cquiv) at 0 °C lut der .s tirring, ::md the reaction 
was fo llowed by TLC. Aftcr complction, aqucous NH 4 CI wa.s addcd, 
and the aqucous phase was cxtracted "'~ th EtüAc. T he organi c phases 
w erc dried w ith N a2SO-I, fi ltcred1 and conccntra ted under v:'lcuum . The 
residue was thcn purificd by silir:a gel chrom atography .... ~th a mixture 
of cthyl acctatc/hc.-..:anc to givc 9.7 mg ( 57% o ver 2 steps) of a 
culorlcss oil; 1H NMR ( 300 MHz, COC1,) 6 7.53 (d, J = 7.1 Hz, 2H ), 
7.38 (t, J = ï .S Hz, 2H ), 7.00 (L~ J = 8.2 Hz, 4H), 6.94 (t,J = 7.3 Hz, 
2H ), 6.82 (d, J = 8 .. \ Hz, 2H), 6.69 (d, J = 8.3 H z, 4H), 3.90 (t, J = 7.3 
Hz, 4H), 3.64 (s, 6H), 2.80 (t, J = 7.3 H·t, 4H); '"'(; NMR (75 MHz, 
CDCI;) li 164.4, 153.9, L\7.4, 13 1.9, 130.3, 122.2, 120.6, 115.1, 109.9, 
64.7, 55 .. \, 38.4; IR v (cm ·· •) 3389, 161 5, 1455, 1240; HRMS (ESl) 
cnlcd fo r C ,..H 3!0 . Si (M + H)' 517.2041, found 517.2034. 
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Aftcr completion, the solution was directly purificd by silica gel 
chromatography w:ith a mixture of eth yi acctatc / hcxanc tu give 55.1 
mg (85%) of a white sulid 1H NMR (300 MHz, CDCl;) ô 7.20 (d, 1: 
8.6 Hz, 2H), 6.85 (dd,1 = 8.7, 3. 1 Hz, 2H),5.99 (d,1 = 10.2 H·t, 2H), 
5.87 (d,J = 9.7 Hz, 2H }, 4..)7 (s, IH}, 3.78 (s, 3H), 3.73 (t, J = 6.4 Hz, 
2H), 2.16 ( t, j = 6.6 H1, 2H); " C NMR (75 MHz, CDCI3) 6 1583, 
137.6, 136.8, 135.8, 127.6, 127.4, 126.9, 114.0, 61.9, 60.5, 60.2, 55.4, 
43.2, 41.7, 41.0, 20.4, 13.7; HRMS (ES I) cdcd for C , H ,.NaO; ( M + 
Na}' 269.1148, fuund 269.1145. 
2 -(4-Hydroxy-4 ' -m ethoxy-1 A-dihydro -[1 , 1 '- biphenyl]- 1-yl) -
ethyl2-nitrobenzenesulfonate (21). To a solution uf .'dior (33.9 
mg. 0.14 mmul, 1.0 cquiv} in DCM (2.0 mL) at -20 °C was addcd 
Et 3N (27.8 ml} 0.28 mmol, 2.0 cquiv), followed by DMAP (8.4 mg. 
0.07 mmol, 0.5 cquiv) and NsCl (33.5 rn& 0.1 5 mmol, l.1 equiv) . The 
reaction was followed by T U:. Aftcr completion, the solt1tion was 
dircctly purificd by silica gel chromatography with a mLxture of cth)1 
acetatc/ hcxanc tu give 23.1 mg (4()%) of a mlorlcss oil. 'H N MR (300 
MHz, CD Cl;) ii 8.11 (d, 1 = 7.2 HL, lH), 7R5-7.72 (m, 4H), 7 .1 6 (d, 
J = 8.9 Hz, 2H), 6.84 (d, J = 8.9 H,, 2H), 6.01 (dd, J = 10.2, 3.2 Hz, 
2H ), 5.78 (dd, J = 10.2, 1.6 Hz, 2H), 4.54 (s, 1H), 4.34 (t, f =6.7 H1., 
2H), 3.77 (s, 3H), 2.34 (t, J = 6.7 Hz, 2H); ''C NMR (75 MHz, 
CDCI;) ij 1585, 136.6, 135.0, 133.9, 1324,131.3, 129.5, 128.2, 1273 , 
124.8, 11 4.2, 70.1, 61.9, 55.4, 42.8, 36.9; HRMS (ES!) calcd for 
C,. H, NNaO-S (M +Na}' 454.0931 , founù 454.0930. 
2-(4 '-Methoxy-4-oxo-1 ,4-dihydro-[1, 1' -biphenyl]-1-yl)ethyl 
2 -nitrobenzenesulfonate (21bis). Ta a solution of 21 (228 mg. 
0.05 mmol, 1.0 c-quiv) and molccula r sic,~s4A in DCM (2.0 mL) at 0 
° C \Vas added TPAP (1.8 mg. 0.005 mmol, 0.1 cquiv) undcr stirring, 
followcd by NMO (18.6 mg. 0.16 mmol, 3D equiv). The reaction was 
fo llowed b)• TLC. Aftcr complctiOn1 the réJ.Ltim'l mixture. wa.-; dilutcd 
with ethyl acetate, filtered through a pad of Cclite, and conccn trated 
undcr vacuum . Th e rcsidue was thcn purHlcd by sili ca ge l 
chromatography with 3 mixture of èth)~ J.Ct tatc/hè.'.:anc to givc 12.4 
mg (55%} of a colorlcss oil. 'H NMR (300 MHz, CDCI_,j ' H NMR 
(300 MH 1, CDCl,} ii 8.06 (d, J : 7.6 H·t., 1H ), 7.86-7.71 (rn, 2H ), 
7.18 (d,J ~ 8.9 H;, 2H), 6.87 (d, J = 9.3 H1, 4H), 6.27 (d,J = 10. 1 Hz, 
2H ), 4.25 (t,} = 6.9 H,., 2H), 3.79 (s, 3H), 2.62 (t, f = 6.9 Ht., 2H); 
13C NM R (75 MHz, CDCI;) ô 185.4, 159.4, 152.7, 135.2, 132.5, 131,3, 
130.2, 129.3, 128.9, 127.5, 124.9, 114.8, li8.5, 55.5, 46.6, 36.3; IR 1J 
(cm- ' } 1667, 1543, 1511, 1255, 1369, 1214; HRMS (ESI) calcd iur 
C , H,oJ\!Naü,S (M +Na) ' 452.0ï74, fmmù 452.0772. 
3a -(4-Methoxyphenyl)- 1-methyl-3,3a,7, 7a-t etrahydro -1 H-
indoi-6(2H}-one, 0 -Methylsce letenone ( 1 a) . To a solution of 
"'dicnonc' (11.5 mg. 0.027 mmol, 1.0 cquiv) in THF (1.0 mL) at room 
temperature was addcd aqucous McNH, (8.3 mg. 0.27 mmol, 10.0 
cquiv) under s tirring. T he reaction wa.'i fo llowed by TLC. After 
completion, watcr was added tu the solut ion. The phases were 
separated and the aqucous phase was CltraLtcd \\rith EtOAc. The 
organic phas(..>s were dricd \\rith N a!SO .~,~ filtcred1 and conccntratcd 
undcr vacuum . The rcsidue was thea purificd by silica gel 
chrumatogr..tphy with a mixture of cthyl acetate/ methanol to affunl 
Ü·mcthylsceletcnone 1 in ï6% Jicld . 1H 1\MR (300 MH>, CDCl ;) ii 
7.27 (d,J= 8.4 Hz, 2H), 6.90 (d,J = 8.8Hz,2H ), 6.72 {de~] = 10.1, 
1.7 H,,, lH), 6.10 (d, J = 10.1 Hz, 1H), 3.8 1 (s, 3H), 3.31 (t, J = 7.9 
Hz, 1H), 2.68-2.37 (m, SH ), 23 2 (s, 3H), 226-2. 13 (m, IH); " C 
NMR (ïS MHz, C DCI, ) 6 197. 5, 158.7, 153.9, 135.3, 127.9, 126.6, 
114.3, 73.9, 56.2, 55.5, 50.8, 4().2, 38.8, 36.3; l.R v (cm- 1) 1649, 1216; 
HRMS (ES!) calce! for C,.H,0 NO, {M + H)' 258.1489, lilUncl 
258.1488. 
Sceletenone (lb). T o a solution of la (4.2 mg. 0.01 6 mmo l, 1.0 
equiv) in OCM (l.O mL) at 0 •c undera.gon was added Bllr, ( 12.3 
mg, 0.049 mmo l, 3.0 equiv} unde r stirring. The reaction was fo llowc d 
by T LC. Aftcr completion, NaH 0 3 was 1dded to the solution. The 
phases wcrc scparatl'd1 and the aqucous phase was c..x:tractcd with 
DCM The organic phases wcre dricd "~th Na!'"~0_.1 filtcrcd, and 
cuncentrated under vacuum. The rcsidue was then purificd by silica gel 
chrumatogr.tphy with a mh: turc of DOt/ methanol to affurd lb in 
quantitati,•e yidd. 'H NMR (300 MHt, CDCI3 ) li 7.22 (d, J = 8.6 Hz, 
2H}, 6.83 (d,J = 8.5 Hz, 2H), 6.72 (d, J = 10.1 Hz, 1H), 6.10 (d, J = 
10.1 Hz, 1H), 331 (t, J = 7.9 H1., lH), 2.63 (d, J = 7.6 Hz, 1H ), 2.47 
(ddd, J = 21.7, 14.2, 10.1 Hz, 4H ), 2.32 (s, 3H ), 2.26-2.13 (m,l H ); 
13C NMR {75 MHz, CDCI3} li197.7, 154.9, 154.1, 135.2, 128.1, 126.7, 
115.8, 73.9, 56.2, 50.8, 4().2, 38.7, 36.2; !Ru (cm- ' ) 3403,1648, 1215; 
HRMS (ES!) calcd for C~;H , ,NO,Na (M +Na}< 266.115 1, found 
266.1147. 
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1. General information -S 1-
2. Copies of 1H and 13C NMR spectra for a ll compounds -S2-S-35 
1. General information and matcrials 
Unless otherwise indicated, 1 H and 13 C N MR spectra wcrc recorded at 300 and 75 MHz, 
respective ly , in CDCl3 solutions. Chem ical shifts are reported in ppm on the li scale. 
Multip lic ities are descr ibed as s (singlet), d (doublet), dd, ddd, etc. (doub let of doub lets, 
doublet of doublets of doublets, etc.) , t (triplet), q (quartet), quin (qu intuplet), rn (multiplet) , 
and further qualified as app (apparent), br (broad). Coup ling constants, J, are reported in Hz. 
IR spectra ( cm- 1) were rccorded from thin films. HRMS wcre measured in the electrospray 
(ES!) mode on a LC-MSD TOF mass ana lyzer. 
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Cite t his: Chem. Sei .. 2013. 4, 1287 
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Treatment of phenols or anilines containing a su lfonyl group in the presence of a hyperva lent iod ine 
reagent promotes a formai dearomatizing [2 + 3) cycloaddition readion on unadivated benzene and 
naphthalene derivatives. This process occurs via an intramolecular nucleophilic addition to the Wh eland 
species generated during the oxidative activation. Subsequent treatment under acidic conditions readily 
transfonns the tricyclic s_ystem into a biaryl via a formai cross·coupling process. 
Introduction 
cycloaddition ' and cross-coupling' transformations arc cxten-
sive!y used in organic synthesis. Cycloadditions arc ),'l'nerally 
performcd on alkenes and alkyncs; howc,•cr, a similar trans-
formation involving dearornatization of the normally inert rr· 
bonds of an aromati c core wou id providc a means of preparing 
key polyfunt' tionetl intermcdiates. Only a few examples of such 
cydoadd ition mcthods have bccn rcported in the literature.' 
Although the rt•portcd reactions have been exclusiwly intra-
moleeular, a bimolccular approach would providc a grcater 
variety of potential synthetic avenues. In particular, the 
remaining do uble bonds could be readily involved in furthcr 
transformations to rapidly generate elabomte products from 
inexpmsive aromatic derivatives. From a chemical standpoin~ 
su ch a transformation has been reg-arded as difficult to achicvc. 
Howcvcr, biaryl symhcses involving cross-coupling of two 
unactivated aromatic systems have rcceivcd atten tion due to the 
large nurnbcr of natural targcts incorporating th(·se cores' and 
the potcntial for using axially chiral bi-aromatic s as lig-dnds in 
a~ymmetric reactions.' Prcvious mcthocls of achieving this type 
of tmnsformation have gcncrally involvcd heavy mctals, but a 
recent report in the literaturc suggcstccl that sirnilar cross-
coupling methodologies may be accompli shed un cler rnetal-frec 
conditions using hypcrvalent iod inc rcagcnts" and thir>-
phenes,''" po lymethyl bcnzencs,'" or anisole derivatives'' as 
coupling partners. Other notlworthy cross·coupling processt'S 
involving hypcrvalent iodine rcagcnts in combination with 
copper tr.iflatc haw been effidently dewlopecl by Gaunt and co-
workers. In the se reactions the coppcr salt rcmains crucial.' The 
ft'W reportee! metal-frec cycloadd ition reactiorc5 involving 
phenols have becn limited to electron-rich alkencs' and fura n• 
l..abororolrt de Métlrodologir ct Symhèsc de 1-'raduir..;; Nnwrcl.~. Univcr:;irt duQui:bl!c à 
MolllréQ/, C.P. 8888, .\'I ,CC. Cclltrf!'-Vil!e, Momrèal, HJC Jnr.,•, ÇJui:bec. Ca/Jada. E·maif: 
canesi.sylva in(tpuqam.ca 
t Elcctmniè supplellli.'IHill)' information (ES!) :J\~Jîlobk· . Sw fX)I: 
and have not been successfully extendcd to includc "dipolar-
ophilcs" similar w the aryl &ystem 2, Fig. 1. 
ln this papcr, wc present a vernati le met.hodology faci litating 
[2 + 3] <ycloaddition prol·esses bctwcen bcnzcne derivatives and 
phenols or anilines. Slightly modifiee! conditions may be used 
to proclucc the cross-coupling adduct from these two unac-
tivated arornatic subunits . The processes ar<' reminiscent of 
Fricdei-Crafts chemistry in their approach to the connection of 
two aromati c units un der metal-free conditions. 
Results and discussion 
For the reactions to procced, one of the sy>tems must be 
convcrtcd into an elcctrophilie spcdcs for trapping by the 
œma.ining al)'! acting as a nuclcophile. This reversai of reac· 
tiv.ity may he thougbt of as involving "<lrOrnatic ring umpo-
lung·!.10 An indieation of how such sdectivc aromatic 
activations may he accornplished is proviùcd in the work of 
Kita, " who dcmonstratcd the rcactivity of dectron-rich 
systems such as phenols in the presence of hypcrva lent lodi ne 
reagcnts," for example (diacctoxyiodo)benzene (DIIl) or phc-
nyliod ine bis(trifluoroncctatc) (PIFA)." The activation is bcst 
perfom1cd in solvents such as tritluoroethanol (TFE) or hexa· 
fluoroiso propanol (HFIP)"'' and involvcs electron transfer to 
producc a phenoxonium ion 3. This ion is teadily trappcd by 
an aryl panner 2, leading to a Whelund spcdes 4. At this stage 
one of two pathways rnay occur, a d assical elimination 
('"-.~~ X t·l R,1~ lodlno(l/1) cS"f~ ,, 1 ' R .--J.~,..) --./"' X•Oor H i Rt NS01R' ) \-
2 R, R R 1 R 1 
rrXH R,x~ X R, 
...... ~ fl.,.?. ~ • <!") '1--..r"' x-o .. f~/-o0"''-H NSQtR' ) '-"' ~~"" 
1 2 
"· 
R . H R
1 
w.J0:1 9:c2~c2HHfj Fig. 1 Cross-ccupling ilnd aromiltiC cydoaddition. 
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fpathway a) affordi ng the biaryl core 5 or an intramolecular 
nucleophilic attack on arenium ion 4 (pathway b) leading to 
the polycycle 6, Fig. 2. 
A kc')' aspect of this tmnsformation is the relative stabiHty of 
the clcctrophilic specics generated. lndccd, the phcnoxonium 1 
and arcnium 4 ions pnxl uced during the umpolung activation 
must be sufficiently stable to react with their respective nuck' 
ophile partncrs in arder to avoid compt'titive elimination 
pathways su ch as bcnzylic hydrogen elimination from 3, which 
gencrates an unstablc polymerizable qui none methidc (Fig. 3). 
Bceausc of its polar and non-nudeophilic properties, HFlP is 
a valu able solvent that provides suffi cie nt ~tabilization of clet· 
trophilic spL'Cies 3 and 4 in the presence of fairly rcattive and 
electron-rich partncrs su ch as cnol ethc;;·rs or furans. tu· Howcver, 
the reaction is inefficicnt with simple benzene derivatives such 
as iodo-aryls, naphthalcnc or benzenc. To promotc reactions 
with th esc importantcompounds other issues must be resolved. 
For instance, we have observcd that a sulfonyl moicty on the 
lateral chain bchavcs similarly to HFIP, enabling nucleophilic 
nttack even with poor electron systems such as iodobenzene. 
Wc assume that in an intramolccular pathway the poor nuclc-
ophilicity of the !one pairs on the sulfonyl oxygen atoms stabi-
lize the transition state 10 by overlapping phenoxonium ion 
3 (n- n:' interaction) without producing a carbon-oxygen 
bond , Fig .. J. 
Direct formation of compound 5 would be an intercsting 
examplc of cross-coupling; howt'ver, the nascent relatively 
electron-rich system 5 would be reoxidized more quickly by the 
unrcacted hypcrvalent incline reagcnt than the rcmaining 
>tarting mat<,riall. It appears that formation of the cycloadduct 
6 is essen ti al during the proccss. ln a sense, compound 6 serves 
as a prot<·cting group fw the phenol or aniline functionality and 
minimizes undcsirable overoxidation of the latter. Moreover, 
furthcr treaonent of 6 in a second step undcr at."id ic. conditions 
and in the abst.•nee of hypervalent iodine regencrates the arc· 
nium species 4 and displaœs the equilibrium in favor of the 
irreversible path" •ay a, lcading to biai)•l ;;. For this rcason it is 
important to control the acidiry of the medium durin~ the 
reaction to avoid reopcning the cycloadduct 6, leading to 
compound 5 that coulc.i be subttequently overoxidized dut• m the 
presence of NH or OH bonds. Severa! conditions and hypcr-
valcnt iodine rcagcnts were inwstigated. rodobcnzcne was th~ 
first "d ipolarophilc" tricd bccause it is rdcased during the 
proccss following reduction of the hypcrvalcnt iod inc rcagent. 





-----q·"' R H - '1 '\ --~ 
-···· 2 
3 
R 1 R2 
Fig. 2 Oxid<liiv(' cross-coupling ~ . cycloaddition. 
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Fig. 3 Competit ive trnns1ormations of phcnoxonium species 3 . 
of choiCl\ and tlu.\ n.\ardon w:;ls optirn izc-d at -tl :. ç in a mixture 
of HFII'-DCM (2: 1). l'iva lic acid, a wcak carbo•-ylic add, ""dS 
rclcascd during the rCilction. Similar rcsults wcre obscrved 
using DIB cornbined with Na"CO., to neutralize the acetic acid 
rcleilsed, as the pH of the solution secrns ro be an important 
aspe('t of this transforrrultion. As expL"ttt'd, compound 11 was 
not produccd unclcr harshcr conditions cmploying l'Il' A Sincc 
this process occurrcd in an intcrmolccular manncr and duc to 
the instabiliry of spccies 3 (Fig .. 1), tcn eq uivalents of inexpen-
sive iodobcnzcnc wc re uscd to favor formation of compound 11 
over the polymerie by-products. If dt•sircd, the exccss aromatie 
partnc'rcou ld be chromatographically Sl'parated and rcused. In 
no case """S it nt·ccssary to ad d more than tcn cqu ivalcnts of 
i<Kiobenzcne (sec Table 1, en tries d, f and g). Tlw nature of the 
sulfonyl group does not really influence the transformation, 
although a slight diminution of yi cid was obscrvcd in the 
presence of a withdrawi ng group (entry j). The reaction occurred 
in the presence of a Julia-Kocienski auxiliary•·• that could be 
useful for further elaboration of the latemlchain, 1\iblc ·1. 
With the optirnizcd conditions in hand, wc invcstigatcd the 
use of <!ther aromatic systems as dipolaroph ilcs. lodo-aryl 
cornpounds were compett'nt substratt•s for this transformation. 
The rcgiosdcctiviry obscrvcd with pam-substitutcd iodo-aryl 
compounds appears to be contmlled by stcrit factors, and a 
protecting group was tolerated (entry e). In addition, the crucial 
sulfone moiety may be succcssfully incorporatt·d in a six-
membered-ring transition statc with a lmwr owrall yield as 
expected ( entry f). Wc wc re pleascd to observe that the n<w 
process L'Vt' n Ol"curred using benzt·rte and was efficient whcn 
naphthalcne was used (72%}, most probably due to the fact 
that one aromatiL' core re mains intaL't during the formation of 
12h, Table 2. 
In sorne cases whcn iodobcnzenc '"1s not uscd as a dipo· 
larophilc, a small a mount of compound 11 ( ~5%) was obs~rved , 
originating from a mmpetition with iodobenzene rdcased 
during the umpolung activation. The succcssful extension of 










Table 1 Cycloaddition optimizaüon condrtions 
SOzRf~·"'""-v"J' OH 
l~ · 6 
• 
lodine{ lll1 -4.•c 
HFIP/OC M (2 :1) 
2 m in 
so,R(](o/ ~'>- X. c.~ 
11 H .~J 
Enuy R l odine(m) Ph i equiv. Yield (%) 
" 
Ph PIFA 10 
b Ph Dlll 1 0 
Ph Dlll + Na,co, 10 
d Ph PID 10 
Ph PJB + Na,co _, 10 
f Ph PIB 20 
g Ph PJB 
h n-Propyl rm 10 
f1·Ph0Me Plll 10 
j p ·PhNO, Plll 'JO 
k Denzo thiawl Pm 10 


























































this process to systems other thun iodobenzcne provides 
su pport for the mechanism proposed in f]g. 2 and ru les out an 
intramolccular process involving the hypcrvalen t iod ine 
reagent. This method could be employed in total synthcses of 
natural pnx luets containing hydrodibcnzofuran cores such as 
lindcrol A," " a potent inhibitor of melanin bio~yn thesis in 
culturcd 13·1 6 md anoma ce lis , or rubi)'1on na nin A"• (Fig. 5). 
Othcr systems have bccn tested includ ing an th racene, in 
wh ich a formai "4 + .3 " cycloaddition occurred to produce u . 
Fig. 5 Narural produas conta1ning hydrodibenzofuran ccrcs. 
Vk!w Artic~ Onlinf! 
Compound 9i reacted in the presence of furan to afford14 in 
% % yicld. lt should be stressee! that in the presence of Plll and 
with a sul fone on the latera l chain, the overall yicld obse rved 
was double that of the same transformation employing ethyl· 
phenol'" and fura n, a fa irly reactive and electron-rich partncr 
( ~·15% yicld), demonstrating the i rn portance of the sulfonyl 
moiety as a stabilizing and anch imeric ass isting group for the 
phenoxoniu m specics gcnemted in the react ion, Scheme L 
Although the sulfonc moicty present on the lateral chain 
eould be furthcr transformed using Juli a- Koticnski chcmistl)' 
(_compo und 1'1k), it would be more convcnien t to introduce a 
rc nHNable auxiliary to cnab le the cycloadd ition by stabilizing 
the clectroph ili c species 16. ln addition, the valt'nce of the 
oxygcn atom malœs development of an asymrnctric pathway 
difficult. Toward this gua i a s imilar reaction involving a 
sulfonamide group has becn envisaged; in this case the 
required stabilizing sulfonyl group is directly connectcd to the 
aniline and may stabilizc the ortho positions of the electro-
philic spceies 16 in a manner similar to 10. This option could 
lcad to a fu rthl' r asymrnctric pathway through the introduction 
of a chiral sulfonamide. Tlli s alternative tolerated a varic ty of 
spt•ctator functionalities and Sl'Ver.ll sulfonamides. However, 
lower yields wcrc obsciVed with substituted ;11 lfonarnides 
(Tab le 3, entrics 17c and 17d). Naphthalene underwent effi-
cient reaction with sulfonamidcs 15 , most probably because 
the second aromatic ri ng stabilized the resulting arcniun ion 4 
(Tab le J). 
Only fivc equivalents of nap htha lene were rcquircd whcn a 
sulfonamidc was used as the polaroph ilc. This protcss repre-
sents an cxpcditious route to indolinc cores, an important 
functionality present in a large numbcr of bioactive prod ucts. 
The syn the sis of staffolds such as 12 or 17 has not been drx:u-
mcnted in the literatu re, and only a fcw exarn ples of isomcrs 
having modified connectivi ty have bœn preparcd from bcnzo-
fumn, oxabkycle and styrem• derivatives." Most of th esc 
methcxls have involvcd transition rnctals. Rcacti.ons bave been 
attempted using othcr aromatic partncrs in combination with 
sulfonarn ide 15, includ ing a substituted naphthalene, to 
gencratc tetra(ytie 18. Highly electron-rich methoxynaph-
thalenc derivatives werc unsatisfattol)' substratcs for the 
tyd oaddition pathway and led to severa! cross-coupling 
ndduct .s. Hovvever, \·vhen using a rnoderute ele("tron-dono r 
group S11 c h as a mcsylatc, cydoadduct 18 was obtaincd as weil 
as the C-N cross-coupling compo und 19 rcsulting from direct 
attack of the naphthalene derivative on the nasccnt dectro-
philic nitrogen ge ncratcd during the umpolung activation . A 
.. 
91 
PIB -4 "C,2min 
MFIPIDCM (2.1} 
("'·0""'-),..q,) '.~A,? 
PI B, TFE 
·4 •c , 2mln 
<(';.J IS~ ) 
Scheme 1 Amhracene an d furan qdcaddi~1om. 
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Table 3 Cycloaddt:ton \'Vi ~h ~Ltlfonarnidc~ 
Enuy R, R Yield (%) 
a Me M e 61 
l> Et M e 59 
c Toi Me 32 
d 1~r Me 38 
e Dll Me 45 
f Me Cl 51 
g Me iPr 52 
11 Me nPr 51 
Me CH2CI-!2S02Ph 54 
j Me Cl-12011 53 
k Me CH, CH, OH 62 
Me CH1 t1-120TllS 52 
m Me TMS 43 
similar transforn1<1tion was obscrwd in the presence of 
anthracene, and we assumcd that the qu ite stable dibenzylic 
art'niurn ion 4 genrrated from tlw an thrace ne attack was trap-
pcd by pival ic acid rclett~cd in the medium, lcad ing to 
com pound 2.0 in 16% yield, Schemc 2. 
lntcrestingly, in a second stcp under acidic conditions 
mcdiated by triflumoacetic acid, the conversion of tydoadd uct 
21 to biaryl 5 was quantitatively observed, probably via regen-
eration of spcties 4 and displacement of the: eq uilibrium in 
favor of pathway a as ùiscussed in Fig. 2. This suggests that 
further acid tremrncnt ofcompou nds 12 or 17 lcads to a formai 
rross-couplingprorcss involvingunactivatcd aromatic subuni ts 
as a ro ute to C-H activation, 'lUble 4. 
A d irect cross-coupling proœss may also be u ndertakcn 
from the sulfamide derivative 22. ln this case biaryl systems 
werc dircctly obtaincd and only a small amount of <---ycloadduct 
prod uct was oct~sionally detectee!. This compound was rapidly 
transformed in to rhe biaryl 2-1 in the. presence of slightly 
acidifiee! CDCI,. This re su it may be rationalizeù if wc cons id er 
that the new l)doadduct derivative is rapidly transformee! into 
23 duc to the presence of the additional basic pyrrolidinc 
moicty. The sulfamide segment appears to be a dirt•ct C-H 
15g PIB. Na,co,. o •c 





Meo,s H MoO,S -s N--f~,OMs N f ' OMs 
n-·,-A • n = J--~l ~y (1 1.2) 5-=J ~ ;, 
\ 18 \ 19 
QPiv 
Scheme 2 0-Més.yflaphthcl and amhracene. 
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Table 4 Formai cross-cOLipling proct'S!> 
R 21 
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Vk!w Artk~ On tine 
Edqt> Arhlc 
R 
R, R, R_. Yield (%) 
H Il 9i 
H Me 91 
fi Et 98 
If iPr 1 90 
Il H H 97 
1-[ H 1 R7 
-c ,H ~ -" l-I 98 
-C,1H .c li 97 
-C 1H .1- (-[ 83 
-C,H 1 - Il 97 
- C1H 1- H 76 
-c ,H,- H ï9" 
-C4 H .1- H 94 
u -C 1H 1- = - CH=CHCH=CH-. b The tri !lu oro este r derivative is 
isolo ted. 
induttor, enabling cross~eoup l ing with naphthalt:ne de riva· 
tivcs, Table 5. 
Guziec and Wang have dcscribed recluct ive rernova l of the 
sulfonamido groupn in the presence of NH,Cl an d Na H to 
producc biaryls 25 from compound 24 thmugh an ovemll 
~cqucncc th at neatly complements esta bi ishcd mcthods, Fig. 6. 
An intcrcsting aspect of this transformation is its ability to 
dearomatize a bcnzcne de riv~1tive into a functionalized :'J)''Stern 
rcady fr>r further transformations. As an il lustration of sorne 
possibi li tics providcd by this method, severa! conventional 
reactions cnabli ng quick tran~format ion of the key cycloacldi-
tion product into further functiona lized cores arc prescnted in 
Sc-herne .>_ For exarnple, Die ls-Alder reaction of 12a led to 
compound 26 in 59% yicld. Hydrogenation of 17a providccl the 
tetratyclic indoline 27 in 66% yield, and treatment of 17a with 
Os<}, and NMO produccd diol 28 in 60% yidd_ 

























Fig. 6 GLIZ it'C and Y./ang d~:.~uHonamid cmcn. 
12a OEAD. Ph·H . .-~~N, __ _ 






THF , rt,24fl 
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ln summal)', a new oxidativc dearomatizing lycloaddition 
process betwcen phenols or anilines and aromatic derivatives 
has been developed. This process is made possible by the 
introduction of a key sulfonyl group to stabilize the electrophilic 
species generated during the hypervalent iodine-rnediated 
urnpolung activation. Sligh tly modified condition~ may lw used 
to obtain a noss-coupling adduct from these two unactivated 
aromatic subunits as an alternative C-H activation trans· 
formation. Ongoing i nvcstigations of the sc processes, i ncluding 
an asymmctric ve rsion with a chiral sulfonamidc moicty, and 
potential applications will be disdoscd in due course. 
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1. General information and materials 
Un less otherwisc indicatcd, 1 H and 13C NMR spectra were rccordcd at 300 and 75 MHz, 
respcctively, in CDC13 solutions. Chcmical shifts arc reportcd in ppm on the o scalc. 
Multiplicitics arc dcscribed as s (singlct), d (doublet) , dd. ddd, etc. (doublet of double ts, 
doublet of doublets of doublets, etc .), t (tri plet), q (quarte!), p (pentuplet). m (multip let) , and 
furthcr qualified as app (apparent) br (broad) c (complcx). Coupling constants, .1 , arc rcportcd 
in Hz. IR spcctra (cm- 1) were rccorded fro m th in fil ms. Mass spcctra (m/e) \Vere measurcd 
in ù1e clectrospray (ES !) mode. 
Il. Exper imental procedures 
General pt·ocedure for the fot·mation of cycloadduct li : 
A solu tion of hypevalcnt iodinc (0.32 mmol, 1.6 equiv.) in (CF3)2CI IOH (" HFIP' ', 0 .35 ml) 
was added dropwisc on 30 second to a vigorously stirred solution of phenol 9 (0.20 mmol, 1 
equiv.) and Ù1c corresponding aromatie compound ( l 0 cqu iv.) in HFIP/DCM (2: l ; ml) at -4 
°C. The mixture was then stirred for 30 seconds and quenchcd with NaHC0 3. The phases 
wcre separated and the aqueous phase cxtractcd with EtOAc. The organic phases wcrc dricd 
ovcr Na2S04, fil tcred and conccntratcd undcr vacuum. The rcsiduc was puri fied by s ilica gel 
chromatography with a mixture of eth yi acctatc/hcxane to give the corrcsponding 
cycloadd ition product 11. 
4a-iodo-8-(2-(phenylsulfonyl)ethyl)-4a,9b-dihydrodibenzolb,dlfuran (I l a-g or l2a): Pale 
ycllow oil: 0.032 mmol, 14.8 mg, 34-51 % yicld; 11-1 NMR (300 MHz, CDC13) o 7.94 (d , J = 
8.0 Hz, 2H), 7.69- 7.54 (m, 4H), 7.49 (s, 1 H), 6.9 1 (d, J = 8. 1 Hz, 1 H), 6. 73 - 6.66 (m, 21 1), 
6.02 (dd,J = 9.6, 4.4 llz, IH), 5.82 (dd, ./ = 9.6, 6.1 Hz, I ll ), 5.36 (dd,J = 11.3, 4.4 llz. 111 ), 
4.3 5 (d , .!= 11.3 Hz, 1 H), 3.40 - 3.33 (m, 2H), 3.08 - 3.00 (rn, 2H); uC NMR (75 MHz, 
CDC13)0 157.3, 139.3, 133.9, 133.3, 129.5 , 128.9, 128.2, 128.1. 126.9, 126.6, 121.9, 109.8, 





4a-iodo-8-(2-(propylsulfonyl)ethyl)-4a,9b-dihydrodibenzo jb,d 1 furan (tl h): Pale yellow 
oil: 0.037 mmol, 16.2 mg, 55'% yield; 1H NMR(300 MHz, CDCh) o 7.60 (s, 1 H), 7.04 (dd , J 
= 8.2, 1.7 Hz, 1 H), 6.79 (d,.! = 8.2 Hz, 1 H), 6.70 (dd, .! = 6.1 , 1. 7Hz, IH), 6.05 (dd, .! = 9.6, 
4.4 Hz, 1 H), 5.84 (dd, J = 9.6, 6.1 Hz, IH), 5.39 (dd, J = 11.2, 4.4 Hz, 1 H), 4.40 (d, J = 11.2 
Hz, 1 H), 3.25- 3.09 (m, 4H), 2.91 - 2.84 (m, 2H), 1.92 - 1.79 (sx, .! = 7.6 Hz, 2H), 1.04 (t,.! 
" 7.4Hz.3H); 13CNMR(75MHz, CDCh)û 157.5, 133.3, 129.7, 129.1, 128.3, 126.9, 126.8, 
12 1.9, 110.0, 10 1.2, 81.4, 55.2, 54.7, 49.9, 27.9, 16.0, 13.3; HRMS (ES!): Cale. for 
C ,7H~o!O,S (M+Ht: 431.0172; found: 431.0171. 
4a-iodo-8-(2-( ( 4-methoxyphenyl)sulfonyl)ethyl)-4a,9b-dihydrodibenzojb,d ]furan (Il i): 
Pale ycllow oil: 0.048 mmol, 24.0 mg, 48% yicld; 11-1 NMR (300 MHz, CDCh) 8 7.85 (d, .! = 
8.8 Hz, 2H), 7.48 (s, IH), 7.01 (d, .! = 8.9 Hz, 2H), 6.90 (d , .! "" 8.1 Hz, 1 H), 6.71 (d, .! = 8.2 
Hz, 1 H), 6.67 (dd, .!= 6.2, 1.7 Hz, 1 H), 6.02 (dd , .! = 9.6, 4.4 Hz, 1 H), 5.82 (dd , .! = 9.6, 6. 1 
Hz, 11·1), 5.36 (dd, J = 11.2, 4.4 Hz, IH), 4.34 (d, .! = 11.1 Hz, lH), 3.88 (s, 3H), 3.37- 3.30 
(m, 2H), 3.04- 2.97 (m, 2H); 13C NMR (75 MHz, CDCb) 8 163.9, 157.2, 133.2, 130.8, 
130.4, 129.6, 128.9, 128.0, 126.8, 126.1 , 121.9, 114.7, 109.8, 101.2, 81.3, 58.3, 55.8, 49.9, 
28.7; HRMS (ES!) : Cale. for C21 H20104S (M+Ht; 495 .0121 ; found: 495 .014. 
4a-iodo-8-(2-(( 4-nitrophenyl)sulfonyl)ethyl)-4a,9b-dihydrodibenzoj b,d 1 furan (llj): Pale 
ycllow oil: 0.071 mmol, 36.4 mg, 41 % yicld; 1H NM R (300 MHz, CDCI3) 8 8.34 (d, J = 8.7 
Hz, 21-1), 8.07 (dd, .! = 7.5, 5. 7 Hz, 2!·1), 7.45 (s, lH), 6.90 (d, .! ""' 8.3 Hz, IH), 6.66 (dd,.! = 
10.9, 4.9 Hz, 2H), 6.00 (dd, .J = 9.6, 4.3llz, IH), 5.81 (dd,J = 9.6, 6.1 Hz, JH), 5.36 (dd, ./ = 
11.4, 4.3 Hz, 11-1), 4.33 (d, ./ = 11.3 Hz, IH), 3.45 (dd, .!= 9.4, 6.5 Hz, 2H), 3.07 (dd, .! = 9.4, 
6.6 Hz, 2H); 13C NM R (75 MHz, CDC),) 8 157.4, 150.9, 145.0, 133.3, 129.7, 129. 1, 128.6, 
128.2, 126.7, 126.4, 124.5 , 122.0, 109.9, 100.7, 81.4, 57.9, 49.8, 28.5; HRMS (ES!): Ca le. for 
C2oH,;INOsS (M+Ht : 509.9867; found : 509.9878. 
2-( (2-( 5a-iodo-5a,9a-dihydrodibenzo [b,d 1 furan-2-y l)ethyl)sul fonyl)benzo 1 d 1 thiazole 
(llk): Pale ycllow oil: 0.019 mmol, 10.2 mg, 45% yicld; 1H NMR (300 MHz, CDCb) 8 8.21 
(d, J = 7.6 Hz, 1 H), 8.02 (d, .! = 7.4 Hz. 1 H), 7.68- 7.56 (m. 2H), 7.52 (s, 1 H). 6.98 (dd, .! = 
8.2, 1.7 Hz, IH), 6.70 (d,./ = 8.2 Hz, 11-1), 6.66(dd,./ = 6.1, 1.8 Hz, lH), 6.00 (dd,./ = 9.6, 4.4 
Hz, 1 I-1), 5.8 1 (dd, .! = 9.6, 6.1 Hz, 1H), 5.28 (dd, .! = 11.3 , 4.4 Hz, IH), 4.26 (d, J = 11.4 Hz, 
1 H), 3.81 (td,.J = 7.2, 3.2 Hz, 21-1) , 3.24 - 3. 16 (m, 2H); 13C NMR (75 MHz, CDC13) 8 166.0, 
157.4, 152.8, 137.0, 133.2, 129.2, 128.9, 128.2, 128.1, 127.8, 126.8, 126.7, 125.7, 122.5, 
-S3-
121.9, 109.8, 101.1, 81.3, 56.4, 49.8, 28.4; HRMS (ESI) : Cale. forC2, HniN03S2 (M+Hf: 
521.9689; found: 521.9692. 
General procedure for the formatio n of cycloadd uct 12: 
A solution ofbis(tert-butylcarbonyloxy)iodobcnzene (0 .32 mmol, 1.6 equiv.) in (CF3) 2CHOH 
("HF[P", 0.35 ml) was added dropwisc on 30 second 10 a vigorously stiJTed solution of phenol 
9 (0.20 mmol, 1 equiv.) and the corresponding aromatic compound (2.00 mmol, 10.0 equiv.) 
in HFIP/DCM (2: 1; ml) at -4 °C. The mixture was then stirred for 30 seconds and quenched 
with NaHC03. The phases wcrc scparatcd and the aqueous phase cxtractcd with EtOAc. The 
organic phases wcre dricd ovcr Na2S04, filtered and concentrated under vacuum. The residuc 
was puriticd by si! ica gel chromatography with a mixture of eth yi acctate/hcxane to give the 
corresponding cycloaddition product 12. 
4a-iodo-9b-methyl-8-(2-(phenylsulfonyl)ethyl)-4a,9b-dihydrodihenzoJ h,d 1 fura n ( 12 b): 
Pale yellow oil : 0.0 19 mmol, 9.2 mg, 54% yield; 1H NMR (300 MHz, CDCI 3) 8 7.94 (dd , .! ·~ 
5.3, 3.3 Hz, 2H), 7.70-7.53 (m, 4H), 7.48 (s, Ill) , 6.90 (dd , .J = 8.1 , 1.7 Hz, IH), 6.70 (d,J = 
8.2 Hz, 1 H), 6.56 (dd, .! = 6.3 , 1.7 Hz, 1 H), 5.57 (dd, J = 6.3, 1.5 Hz, IH), 5.16 (d, .! = 11.0 
13 Hz, IH), 4.34 (d,J = 10.9 Hz, IH), 3.41 - 3.33 (m, 2H), 3.08 - 3.00(m, 21-I), 1.92 (s, 3H): C 
NMR (75 MHz, CDCb) 8 157.3, 139.3, 133.9, 133 .8, 131.3, 129.5. 129.4, 128.9, 128.7, 
128.2, 126.5, 122.7, 1 09.7, 97.1, 85.3, 58.1, 50.3, 28.5, 20.6; HRMS (ESI): Cale. for 
C21H2oi03S (M Hf: 479.0172; found: 479.0165 . 
9b-ethyl-4a-iodo-8-(2-{phenylsu lfonyl)ethyl)-4a,9b-dihyd rod ibenzo lb,d 1 furan { 12c ): 
Pale ycllow oil: 0.020 mmol , 9.9 mg, 47% yield ; 1H NMR (300 MHz, CDC13) 8 7.94 (d , .! = 
7.4 Hz, 2H), 7.69 - 7.53 (m, 4H), 7.47 (s, 1 H), 6.90 (d, .! = 8.2 llz, IH), 6.69 (d, J = 8.2 Hz, 
IH), 6.61 (d,J = 6.4 Hz, IH), 5.57 (d , J = 6.4 Hz, HI), 5.18 (d,.J = 10.9 Hz, IH), 4.31 (d,.! = 
10.9 Hz, IH), 3.41 -3.32 (m, 2H), 3.08-3.00 (m, 2H). 2.41 -2.19(m, 2H), 1.1 2 (t , .J = 7.4 
Hz, 3H); 13C NMR (75 MHz, CDCI,) 8 157.4, 139.3, 136.7, 133.9, 133.8, 129.5, 129.4, 128.8, 
128.7, 128.2, 126.7, 121.0, 109.7, 97.7, 84.4, 58.1, 50.4, 28.5, 27.1, 11.7; HRMS (ES!): Cale. 
for CnH22I03S (M+Hf: 493.0329; fou nd: 493.0319. 
4a-iodo-9b-isopropyl-8-(2-(phenylsul fon yl)ethyl)-4a, 9b-dihyd rod ibenzo[b,d] furan ( 12d): 
Pale ycllow oil : 0.015 mmol, 7.7 mg, 40% yicld; 1H NMR (300 MHz, CDCh) 8 7.96 (s, .! = 




1 H), 6.63 (dd, ./ = 6.5, 1.9 Hz, lH), 5.62 (d, ./ = 6.2 Hz, 1 H), 5.22 (d, ./ = 10.4 Hz, 1 H), 4.24 
(d,.! = 10.1 Hz, 1 H), 3.39- 3.30 (m, 2H), 3.07 - 3.00 (m, 2H), 2.56 (h, .! = 6.5 Hz, 1 H), 1.14 
(dd, .!= 6.8, 2.0 Hz, 6H); 13C NMR (75 MHz, CDCl3) o 157.6, 140.7, 139.3 , 134.0, 133.9, 
129.5, 129.4, 128.8, 128.7, 128.3, 126.8, 120.5, 109.7, 98.3, 83.4, 58.1, 50.6, 32.1, 28.6, 21.9, 
21 .1; HRMS (ES!): Cale. for Cnlbi03S (M+Hf: 507.0485; tound: 507.0489. 
tert-buty1((5a-iodo-2-(2-(phenylsulfonyl)ethyl)-5a,9a-dihydrodibenzo[b,d]furan-9a-
yl)methoxy)dimethylsilane (l2e): Pale ycllow oil: 0.014 rnmol, 8.8 mg, 35% yield; 1 H NMR 
(300 MHz, CDCh) 8 7.94 (d,.! = 7.2 Hz, 2H), 7.71 - 7.53 (m, 4H), 7.48 (s. IH), 6.93 - 6.87 
(m, 1 H), 6.67 (dd, J = 9.3, 4.8 Hz, 2H), 5.81 (d, .! = 6.4 Hz, lii), 5.25 (d,.! = 10.9 Hz, 1 H), 
4.31 (s, 2H), 3.41-3 .32 (m, 2H), 3.09-2.99 (m, 2H), 0.91 (s, 9H), 0.09 (d,J = 2.1 Hz, 6H); 
13CNMR(75 MHz,CDCI3)ô 157.4, 139.3, 137.8, 134.0, 133 .9, 133.5, 129.5, 129.5, 129.0, 
128.9, 128.5, 128.2, 126.7, 121.2, 109.7, 99.3, 81.7, 63.9, 58.1, 50.3, 28.5, 26.0, 18.5, -5.2 , -
5.3; HRMS (ESI): Cale. for C27H34I04SSi (lvi+ Hf: 609.0986; found: 609.0978. 
4a-iodo-8-(3-(phenylsulfonyl)propyl)-4a,9b-dihydrodibenzo[b,d]furan (121): Pale yc llow 
oil: 0.013 rn mol, 6.2 mg, 31 % yield; 1 H NMR (300 MHz, CDC13) 8 7.89 (d, ./ = 7.3 Hz, 2H), 
7.69- 7.52 (rn, 4H), 7.47 (s, 1 H), 6.90 (d,.! = 8.1 Hz, 1 H), 6.72 (d,J= 8. 1 Hz, IH), 6.69 (dd, 
J = 6. 1, 1.9 Hz, JH), 6.06 (dd,.! = 9.7, 4.5 Hz, IH), 5.85 (dd, ./ = 9.6, 6.1 Hz, IH), 5.34 (dd, ./ 
= 11.1 , 4.5 Hz, 1 H), 4.34 (d, J o, 10.9 Hz, 1 H), 3.09 (dd,.! = 8.7, 7.2 Hz, 2H), 2.69 (t, J ~ 7.3 
Hz, 2H), 2.04 (dq, J = 11.3, 7.1 Hz, 2H); 13C NMR (75 MHz, CDCb) 8 157.0, .139.4, 133.8, 
133.3, 132.0, 129.4, 129.0, 128.2, 127.8, 127.0, 126.8, 121.8, 109.6, 102.0, 81.1, 55.6, 49.8, 
33.8, 24.7; HRMS (ESI) : Cale. tor C21 H2o i03S (M+Hf: 479.01 72; tound: 479.0182. 
8-(2-(phenylsulfonyl)ethyl)-4a,9b-dihydrodibenzo[b,d]furan ( l2g): Pale yeliow oi l: 0.041 
rnmol, 14.2 mg, 40% yicld; 1H NMR (300 MHz, CDCI3) ô 7.92 (d, .!= 7.2 Hz, 2H), 7.70 -
7.52 (rn, 4H), 6.98 (s, 1 H), 6.83 (d, J = 8.0 Hz, 1 H), 6.70 (d, .! = 8.2 Hz, 1 H), 6.12 (dd, .1 "' 
9.8, 5.5 Hz, l H), 5.97- 5.88 (m, 2H), 5.77 (dd, J = 9.7, 3.3 Hz, IH), 5.42 (dd, .J = 12.1, 4.6 
Hz, 1 B), 4.17 (d, J = 12.0 Hz, 1 H), 3.33 (dd, J = 10.4, 6.2 Hz, 2H), 2.99 (dd, J = 10.4, 6.3 Hz, 
2H); 13C NMR (75 MHz, CDC13) o 157.4, 139.3, 133.9, 130.1, 129.8, 129.4, 128.2, 128.1, 
127.6, 126.5, 124.6, 121.3, 121.2, 110.0, 78.7, 58.1, 40.8, 28.4; liRMS (ES!): Cale. for 
C2oH 180 3SNa (M+Nat: 361.0869; found: 361.0860. 
-SS-
1 0-(2-(phenylsulfonyl)ethyl)-6a,llb-dihydronaphtho(2, l-b] benzofu ran (12 h): Pale ye ll ow 
oi l: 0.095 mmol, 37.1 mg, 72% yield; 1H NMR (300 MHz, CDCb) il 7.89 (d, .! = 7.3 Hz, 2H), 
7.68- 7.49 (m, 5H), 7.38-7.19 (m, 4H), 7.07 (d,.! = 7.2 Hz, 1H), 6.87-6.79 (m, 2H), 6. 72 
(d, J = 8.1 Hz, l H), 6.48 (d, .! = 8.8 Hz , 1 H), 5.85 - 5. 76 (rn, 2H), 4.64 (d, .J = 10.5 Hz, IH), 
3.33 - 3.23 (rn, 2H), 2.98 - 2.89 (rn, 2H); 13C NMR (75 MHz, CDCIJ) o 157.2, 139.2, 133.8. 
132.7, 130.6, 130.5, 129.8, 129.6, 129.4, 128.6, 128.5, 128.4, 128.2, 128.0, 127.7, 124.6, 
124.5, 11 0.0, 81.4, 58.0, 43 .7, 28.3; HRlviS (ESI): Ca le. for C24H200 3SNa (M+Nar: 
411.1025; found : 4 11. 1028. 
2-(2-(pheny1sulfonyl)ethyl)-6,ll -dihydro-6, 11-(1 ,2 ]benzenod ibenzo (b,e (oxepinc (13): 
A so lution ofbis(tert-butylcarbonyloxy)iodobenzene (0.17 mrno l, 1.6 cqu iv.) in (CF3)2CHOH 
("HFIP'', 0.35 ml) was added drop wise on 30 second to a vigorously stirred solution of phenol 
9 (0.11 mmol , 1 equiv.) and the anthraccne (0.55 mmol, 5.0 cquiv.) in HFIP/DCM (2: l ; ml) at 
-4 oc. The mixture was th en stirred for 30 seconds and quenched wi th NaHC03. The phases 
were separated and the aqueous phase cxtractcd \Vith EtOAc. The organic phases wcrc dried 
over Na2S04, filtered and concentratcd under vacuum. The res idue was puri fied by silica gel 
ehromatography with a mixture of ethyl acetate/hcxane to aflord 13 in 58% yield (0.034 
mmol, 14.8 mg). 1H NMR (300 MHz, CDCI3 ) 8 7.85 (d, .! = 7.2 Hz, 2H), 7.62 - 7.54 (m, 2H), 
7.53 - 7.42 (m, 5H), 7.38 - 7.32 (m, 2H), 7.25 - 7.22 (m, 21-1), 6.93 (d, .J = 2.2 Hz, l H), 6. 71 
(dd, J = 8.4, 2.2 Hz, l H), 6.44 (d, .J = 8.3 Hz, IH), 5.88 (s, .J = 6.6 Hz, l H), 4.5 1 (s, 1 H), 3.33 
-3.24 (m, 2H), 2.95 - 2.87 (rn, 2H); 13C NMR (75 MHz, CDCb) 8 151.7, 144.8, 139.3, 
134.8, 133.7, 129.3, 129.3, 128.8, 128.7, 128.4, 128.1, 127.5, 127.4, 124.5, 120.3, 78.8 , 57.8, 
52.3, 28.0; HRMS (ES!): Cale. fo r C2gl-b03S (M+H/: 439. 1362 ; f0tmd : 439.1353. 
7-(2-( ( 4-methoxyphenyl)sulfonyl)eth)'l)-3a,8b-dihydrofuro (3,2-b 1 benzofuran ( 14): 
A solution ofbis(tert-butylcarbonyloxy)iodobenzene (0.08 mmol, 1.6 cquiv.) in (CF3)2CHOH 
("HFlP", 0.35 ml) was addcd dropwisc on 30 second to a vigorously stirred solution of phenol 
9i (0.05 mmol, 1 cquiv.) and the furan (0.75 mmol, 15.0 cqu iv.) in TFE at -25 °C. Attcr 
completion the reaction was quenched with NaHC03. The phases wcre separatcd and the 
aqueous phase extracted with EtOAe. The organic phases wcre dricd ovcr Na2S04, filtercd 
and conccntratcd under vacuum. The residuc was puritied by silica gel chromatography with a 
mixture of ethyl acctate/hexane to afford 14 in 95% yield (0.047 mmol, 16.8 mg). 1H NMR 
(300 MHz, CDCh) ô 7.83 (d, J = 8.9 Hz, 2H), 7.17 (d, J "" 1.4 Hz, IH), 7.01 (d, .! = 8.8 Hz, 




13 3.89 (s, 3H), 3.35 - 3.27 (m, 2H), 3.02 -2.95 (m, 2H); C NMR (75 MHz, CDC13) o 163.9, 
158.5, 151.3, 131.7, 131.5, 130.6, 130.4, 130.1, 126.3, 125.4, 114.6, ll1.2, 100.2, 89.4, 85. 1, 
58.2, 55.8, 28.5; HRMS (ESJ): Cale. for Ct9HtsO;SNa (M+Nat: 381.0767; found: 381.0779. 
Genen1 procedure for the formation of cycloadduct 17: A solution of bis(terl-
butylcarbonyloxy)iodobenzene (0 .22 mrnol , 1.6 equiv.) in (CF 3)2CHOH ('TIFIP", 0.35 ml) 
was added dropwise on 30 second to a vigorously stirred solution ofsultonamide 15 (0.14 
mmol, 1 equiv.) and the corrcsponding aromatie compound (0.70 rnmol, 5.0 equiv.) in 
HFIPiDCM (2: 1; ml) at -4 °C. The mixture was then stirred for 30 seconds and quenched with 
NaHC03. The phases were separated and the aqueous phase extracted with EtOAc. The 
organic phases were dried over Na2S04, filtered and eoncentrated under vacuum. The residue 
was purified by si liea gel chromatography with a mixture of eth y! acetate/hexane to give the 
corrcsponding cycloaddition product 17. 
10-methyl-7-(methylsulfonyl)-7,11 b-dihydro-6aH-benzo]c]carbazole (17a): Pale ycllow 
oil : 0.074 mmol, 23 .3 mg, 61% yield; 1H NMR (300 MHz, CDCI)) o 7.38-7.27 (m, 4H), 
7.05 (dd, J = 14.5, 7.5 Hz, 2H), 6.75 (s, 1 H), 6.43 (dd, J = 9.9, 2.1 Hz, 1 H), 5.83 (dd, J = 9.9, 
2.5 Hz, 1 H), 5.53 (dt, J "" 9.8, 2.3 Hz, 1H), 4.64 (d, J = 9.8 Hz, 1 H), 2.94 (s, 3H), 2.24 (s, 3H); 
13C NMR (75 MHz, CDCI}) li 137.6, 135.0, 135.0, 131.6, 130.7, 129.2, 128.8, 128.1 , 128.1, 
127.9, 126.5, 125.3, 116.2, 64.0, 43 .9, 37.7, 21.1; HRMS (ESI): Cale. tor Ct sHt~N02S 
(M+Ht : 312.1 058; f0t111d: 312.1051. 
7-(ethylsulfonyl)-1 0-methyl-7,11 b-dihydro-6aH-benzo[c]carbazole (l7b ): Pale yellow oil: 
0.081 mmol , 26.4 mg, 59% yield; 1H NMR (300 MHz, CDCI;) o 7.32 (dd, ./ = 9.1 , 6.7 Hz, 
4H), 7.07(d, .J = 6.7Hz, lH), 7.00(d, .J = 8.0Hz, 1H),6.72(s, 1H), 6.4 1 (dd, .J = 9.9, 2.0llz, 
1 H), 5.84 (dd, .! = 9.9, 2.4 Hz, 1 H), 5.53 (dt, .! = 9.8, 2.3 Hz, 1 H), 4.62 (d, .! = 9.7 Hz, 1 H), 
3.18 - 3.08 (rn, 2H), 2.22 (s, 3H), 1.38 (t,./ = 7.4 Hz, 3H); LJC NMR(75 MHz, CDCl3) o 
137.8, 134.7, 134.4, 131.6, 130.7, 129.3, 129.2, 128.6, 128.1, 128.0, 127.9, 127.1 , 125.2, 
115.4, 64.0, 45.9, 44.0, 21.1, 8.2; HRMS (ESI): Ca le. for C19H20N02S (MtHt: 326.1209; 
found: 326. 1207. 
10-methyl-7-tosyl-7,11 b-dihydro-6aH-benzo]c]carbazole (17c): Pale yellow oil: 0.030 
mmol, 11.7 mg, 32% yield; 111 NMR (300 MHz, CDCI;) .S 7.59 - 7.53 (m, 2H), 7.24 - 7.18 
-S?-
(m, 4H), 7.14-6.99 (m, 4H ), 6.55 (s, Ill), 6.38 (d, J = 9.9 Hz, 1H), 5.86 (dd, J = 9.8, 2.3 Hz, 
1H), 5.39 (d, .l = 9.61-Iz, IH), 3.80 (d, .J = 9.7 Hz, IH), 2.40 (s, 3H), 2.20 (s, 311); 13C NMR 
(75 MHz, CDCh) 8144.0, 138.0, 135.9, 135.9, 135.3, 131.6, 130.8, 129.9, 129.2, 129.1, 
128.5, 128.0, 127.8, 127.8, 127.2 , 127.1, 124.8, 118.1, 63.8, 43.4, 21.7, 21.2; HRMS (ES!): 
Cale. for C24H22N02S (M +H( 388. 1369; found: 388.1374. 
7-(isopropylsulfonyl)-l 0-methyl-7 ,1 1 b-dihydro-6aH-benzo(c] carbazole (l7d): Pale yc llow 
oil: 0.032 mmol, 11.0 mg, 38% yield; 1H NM R (300 MHz, CDCI3) èl 7.38 - 7.27 (m, 51-1), 
7.06 (d,.! = 6.8 Hz, 1 I-1), 6.97 (d, J "' 8. 1 Hz, l H), 6.70 (s, 1 I-1), 6.41 (d, .J= 9.9 Hz, 1 H), 5.86 
(dd, J = 9.9, 2.2 Hz, 1H), 5.51 (d, .J = 9.7 Hz, lH), 4.63 (d, J = 9.7 Hz, IH), 3.40 (h,.J = 6.8 
Hz, IH), 2.21 (s, 3H), 1.45 - 1.37 (m, 6H); 13C NMR (75 MHz, CDCb) èl 138.4, 134.1, 133.7, 
131.7, 129.3, 129.1, 128.5, 128.1, 128.0, 127.8, 127.5, 125.2, 1 14.7, 64.4, 54.0, 43 .9, 21.1 , 
17.2, 16.8; HRMS (ESI): Cale . for C2oli22N0 2S (M+Hf: 340.1366; found : 340.1358. 
7-(benzylsulfonyl)-10-methyl-7,11b-dihydro-6aH-benzo(c(carbazole ( l7e): Pale ycllow 
oil : 0.048 mmol, 18.5 mg, 45% yicld; 11-1 NMR (300 MHz, CDCl.J) 8 7.38 - 7.29 (m, 4H), 
7.26- 7.23 (rn, 3H), 7.19 (t,J = 6.1 Hz, 2H), 7.00 (dd, J = 9.8, 4 .2 Hz, 2H), 6. 70 (s, Ill), 6.30 
(dd, J = 9.9, 1.9 Hz, 1 H), 5.69 (dd, .1 "" 9.9, 2.5 Hz, l H), 4.96 (dt, .1 = 10.1, 2.2 1-Iz, 1 I-1), 4.40 
(d, J = 2.6 Hz, 2H), 3.92 (d, .! = 10.1 Hz, Ill ), 2.25 (s, 3H); 13C NMR (75 MHz, CDCI3) & 
137.4, 134.9, 134.2, 131.8, 130.8, 130.7, 129.2, 129.2, 129.0, 128.6, 128.0, 127.9, 127.8, 
127.7, 127.3, 125.2, 1 14.7, 64.7, 57.3, 43.2, 21.2; HRMS (ES!): Ca le. torC24 H22N0 2S 
(M+Hf: 388.1369; found: 388 .138 1. 
10-chloro-7-(methylsulfonyl)-7,11 b-dihydro-6aH-benzo[clcarbazolc (171): Pale ycllow 
oil: 0.043 mmol, 14.3 mg, 51% yield; 1H NM R (300 MHz, CDCI3) o 7.4 1 - 7.28 (m, 4H), 
7. 18 (ddd,.! = 8.5, 2.0, 0.9Hz, IH), 7. 12 - 7.06 (m, IH), 6.93 - 6.88 (m, IH), 6.45 (dd, ./ = 
9.9, 2.0 Hz, 1 H), 5.83 (dd , .! ~ 9.9, 2.5 Hz, 1 H), 5.55 (dt, .J ,, 9.8, 2.3 Hz, 1 H), 4.65 (d, .! = 9.8 
Hz, IH), 2.98(s,311); 13CNMR(75 MHz,CDCb)o 138.7, 137.0, 130.7, 130.6, 130.3, 130.1, 
129.8, 129.1, 128.8, 128.5, 128.4, 128.1, 127.4, 125 .9, 125.1 , 117.1, 64.1, 43.8 , 38.3; HRMS 
(ESI): Cale. for Ci7H1~N02SCINa (M+Na(: 354.0326; tound: 354.0320. 
1 0-isopropyl-7-(methylsulfonyl)-7,11 b-dihyd•·o-6aH-benzo(c]carbazole (17g): Pale ycllow 




(d, J = 6.7 Hz, 2H), 6.78 (s, 1 H), 6.43 (dd,.! "' 9.9, 2.0 Hz, 1 H), 5.85 (dd, J = 9.9, 2.5 Hz, IH), 
5.53 (dt, J = 9.9, 2.3 Hz, 1H), 4.65 (d, J = 9.7 Hz, 1 H), 2.95 (s, 3H), 2.79 (h,J~ 6.9 Hz, 1 H), 
1. 15 (dd, J = 6.9, 3.8 Hz, 6H); 13C NMR (75 MHz, CDCh) ô 146.0, 137.8, 134.8, 131.7, 
130.8, 129.2, 128.9, 128.1 , 128.1, 128.0, 127.7, 126.5, 122.8, 116.1, 63.9, 43.9, 37.9, 33.9, 
24.4, 24.0; HRMS (ESI): Cale. forC2oH22N02S (MtHt; 340.1366; found : 340.1361. 
7-(methylsulfonyl)-1 O-propyl-7,llb-dihydro-6aH-benzo( c]carbazole (17h): Pale yellow 
oil : 0.061 mmol, 20.7 mg, 51 % yield ; 1H NMR (300 MHz, CDCb) 8 7.39 - 7.28 (m. 4H), 
7.05 (dd , J = 12.8, 7.5 Hz. 2H), 6.74 (s, IH), 6.43 (dd,J = 9.9, 2.0 Hz, IH), 5.84 (dd, .! = 9.9, 
2.5 Hz, IH), 5.53 (dt, .! = 9.8, 2.3 Hz, IH), 4.64 (d, .J "" 9.8 Hz, IH), 2.95 (s, 3H), 2.51-2.43 
(m, 2H), 1.53 (sx, J = 7.4 Hz, 2H), 0.89 (t, J = 7.3 Hz, 3H); 13C NMR (75 MHz, CDCI1) 8 
139.9, 137.8, 134.9, 131.6, 130.7, 129.2, 128.8, 128.7, 128.1, 128.1 , 127.9, 126.5, 124.6, 
116.1 , 64.0, 43 .9, 37.8, 37.8, 24.8, 14.0; HRMS (ES!): Ca le. for C2ol!nN02S (M+Ht: 
340.1366; found: 340.1368. 
7-(methylsulfonyl)-1 0-(2-(phenylsulfonyl)ethyl)-7, li b-dihydro-6aH -benzo fcJcarbazole 
(17i): Pale yellow oil: 0.016 mmol, 7.6 mg, 54% yicld; 1H NM R (300 MHz, CDCI3) ô 7.88 (d, 
1 = 7.2 Hz, 2H), 7.68-7.49 (m, 5H), 7.39 - 7.28 (m, 5H), 7.08 (dd, J = 5.7, 2.4 Hz, IH), 6.95 
(d, J = 8.2 Hz, IH), 6.71 (s, IH), 6.42 (dd,.l "" 9.9,2.0 Hz, IH), 5.8 1 (dd, J = 9.9, 2.5 Hz, IH). 
5.52 (dt, ./ = 9.9, 2.3 Hz, 1 H), 4.60 (d, .1 = 9.8 Hz, 1 H), 3.29 - 3.20 (m, 3H), 2.99 - 2.91 (m, 
2H), 2.95 (s, 3H); 13C NMR (75 MHz, CDCb) ù 139.2, 139.0, 135.6, 134.3, 134.0, 131.2, 
130.6, 129.5, 129.2, 129.0, 128.7, 128.4, 128.2, 128.0, 126.2, 124.7, 116.3, 64.0, 57.6, 43.8, 
38.2, 28.4; HRMS (ESl): Cale. for C25l bN04SNa (M+Naf: 488.0961 ; found: 488.0957. 
(7-(methylsulfonyl)-7,1 lb-dihydro-6aH-benzofcJcarbazol-10-yl)methanol (17j): Pale 
yellow oil: 0.064 mmol, 21.0 mg, 53% yield; 1H NMR (300 MHz, CDCI3) 8 7.44 (d, .!= 8.1 
Hz, 1 H). 7.37 - 7.29 (m, 3H), 7.21 (d, .1 = 7.9 Hz, IH), 7.07 (d, ./ = 7.6 Hz, IH), 6.98 (s, IH), 
6.43 (d,./"" 9.9 Hz, 1 H), 5.84 (dd,.! = 9.9, 2.2 Hz, lH), 5.56 (d,.! "" 9.9 Hz, IH), 4.66 (d, .! = 
9.9 Hz, IH), 4.56 (s, 2H), 2.97 (s, 3H); uC NMR (75 MHz, CDCh) ô 190.9, 139.5, 137.8, 
13 .4, 131.8, 13 1.3, 130.6, 129.3, 128.9, 128.3, 128.3, 128.0, 127.8, 126.2, 123 .7, 11 8.4, 
116.0, 65.0, 60.6, 43 .8, 38.1; HRMS (ES!) : Cale. for CtsHt1N03SNa (M+Nat : 350.0821; 
found: 350.08 11 . 
-S9-
2-(7-(methylsulfonyl)-7,11 b-dihydro-6aH-benzo(c)carbazol-l 0-yl)ethanol (17k): Pale 
yellow oil : 0.042 mmol , 14.2 mg, 62% yield; 1H NMR (300 MHz, CDC13) 8 7.44 (d, .! = 8. 1 
Hz, 1H), 7.39- 7.31 (rn, 3H), 7.12 (dd, J = 7.3, 3.0 Hz, 2H), 6.84 (s, IH), 6.47 (dd, J = 9.9, 
2.0 Hz, lH), 5.88 (dd , ./ = 9.9, 2.5 Hz, IH), 5.58 (dt,./ = 9.9, 2.3 Hz, 1 H), 4.69 (d, .!= 9.9 Hz, 
IH), 3.81 (t,./ = 6.5 Hz, 2H), 3.01 (s, 3H), 2.79 (t,./ = 6.5 Hz, 2H); ~>c NMR (75 MHz, 
CDCI3) 8 138.5, 135.5 , 135.3, 131.4, 130.7, 130.1, 129.3 , 129.2, 128.9, 128.2, 128.2, 128.0, 
126.3, 125.5, 125.3, 116.2 , 64.0, 63.7, 43 .8, 38.8, 38. 1; HRMS (ESI) : Ca le. for 
C19H1 9NO,SNa (M+Naf: 364.0978; found: 364.0972. 
10-(2-((tert-buty1dimethylsilyl)oxy)ethyl)-7-(methylsu1fonyl)-7, Il b-dihydro-6a H-
benzo(c]carbazole (.171): Pale yellow oi l: 0.048 mmol, 21 .8 mg, 52% yield; 1H NMR (300 
MHz, CDCI3) 8 7.37 (d, .! = 8. 1 Hz, 1 H), 7.29 (dd, .J = 9.0, 4.2 Hz, 3H), 7.09 - 7.03 (m, 2H), 
6.80 (s, 111), 6.42 (dd, J = 9.9, 1.9 Hz, IH), 5.83 (dd,./ = 9.9, 2.4Hz, Ill), 5.53 (dt, .! = 9.8, 
2.2 Hz, 1 H), 4.63 (d, .! = 9.8 Hz, 1H), 3.71 (t, ./ = 6.6 Hz, 211), 2.93 (s, 3H), 2.69 (t, ./ = 6.6 
Hz, 2H), 0.81 (d, ./ "" 6.6Hz, 10H), -0.12(s,6H); 13C NMR(75M Hz,CDCI 3)& 138.2, 136.7, 
134.9, 131.5, 130.7, 129.4, 129.2, 128.8, 128.2, 128.1 , 127.9, 126.5, 125.6, 121.2, 116.1 , 64.4, 
64.0, 43 .9, 39.1, 37.7, 26.0, 18.4, -5.3, -5.4; HRM S (ES!): Cale. for C25H33N01SNa (M+Na)+: 
478.1843; found : 478 .1850. 
7-(methylsulfonyl)-1 0-(trimethylsilyl)-7, llb-dihydro-6aH-benzo( c 1 carbazole (17m): 
Pale yeUow oil : 0.038 mmol, 14.2 mg, 43% yield; 1H NMR (300 MHz, CDCJ,) & 7.47 - 7.42 
(rn, 1H), 7.40 - 7.31 (m, 3H), 7.08 (d , J = 5.5 Hz, 2H), 6.44 (dd, .J = 9.9, 2.0 Hz, 1H), 5.86 
(dd, J = 9.9, 2.5 Hz, 1 H), 5.54 (dt,./ = 10.0, 2.3 Hz, Ill), 4.67 (d, J = 10.0 Hz, 1 H), 2.98 (s, 
3H), 0.19 - 0.15 (rn, 9H); 13C NM R (75 MHz, CDC13) 8 140.6, 136.6, 134.0, 133 .9, 131.6, 
130.7, 129.3, 129.2, 129.0, 128.1, 128.0, 126.1 , 115 .1, 63.7, 43.8, 38.4, -0.9; HRMS (ES!): 
Cale. for C2oH24N02SSi (M+H)+: 370.1292; found: 370. 1299. 
1 0-isopropyl-7-(methylsulfonyl)-7 ,Il b-dihydro-6aH-benzo) c] carbazol-5-yl 
methanesulfonate ( 18) and 4-(N-( 4-isopropylphenyl)methylsulfonamido )naphthalen-1-yl 
methanesulfonate (19) : 
A solution ofbis(tert-butylcarbony1oxy) iodobcnzene (0.08 mmol , 1.6 equiv.) in (CF3)2CHOH 
(''HFIP", 0.2 ml) was addcd dropwisc on 30 second to a vigorous1y stirrcd solution of 
sulfonam ide lSa (10.7 mg , 0.05 mmol, 1 equiv.) and the 0-Mesyl-Naphthol (0.35 mmo1, 7.0 




quenched with NaHC03. The phases wcre separated and the aqueous phase extracted with 
EtOAc. The organic phases were dried over Na2SÜ4, filtered and concentrated under vacuum. 
The residue was puri fied by sil ica gel chromatography with a mixture of ethyl acetate/hexane 
to afford 18 and 19 in 72% yield (0.036 mmol, 15.6 mg) as a 1:1.2 ratio. 18: 1H NMR (300 
MHz, CDCI3) & 7.51 (d, J = 7.6 Hz, 1 H), 7.48- 7.33 (m, 5H), 7. 11 (d, J = 8.2 Hz, lH), 6.78 
(s, lH), 5.93 (d,J = 2.9 Hz, Hl), 5.70 (dd,J = 9.8, 3.0 Hz, lH), 4.68 (d, .J = 9.7 Hz, IH), 3.09 
(s, 311), 2.99 (s, 311), 2.80 (p, J = 6.9 Hz, IH), 1.16 (d, J = 4.0 Hz, 3H), 1.14 (d, J = 4.0 Hz, 
3H); 13C NMR (75 MHz, CDCI3) o 146.1 , 145.9, 137.5, 133.7, 133.0, 129.8, 129.2, 128.3 , 
126.9, 123.4, 122.8, 115.8, 114.5, 63 .3, 43.8, 38.3, 38.1, 33.9, 24.4, 24.0. HRMS (ESI): Cale. 
forC21lh4NOsS2 (M+Hf: 434.1090; found: 434.1083. 
19: 1H NMR (300 MHz, CDCI3) o 8.36 (dd, J = 7. 1, 2.4 Hz, Ill), 8. 14 (dd, J = 7.0, 2.5 Hz, 
IH), 7.72 (d, J = 8.2 Hz, IH), 7.68 - 7.62 (m, 2H), 7.60 (d,.J~~ 8.1 Hz, HI), 7.45 (d , J = 8.5 
Hz, 2H), 7 19 (d, .! = 8.5 Hz, 2H), 3.25 (s, 3H), 3.24 (s, 3H), 2.86 (p, J = 6.9 Hz, IH), 1.19 (d , 
.! = 6.9 Hz, 6H); 13C NMR (75 MHz, CDC1 3) o 147.9, 145.6, 138.7, 136.3, 133.8, 128.6, 
128.4, 128.1, 127.7, 127.4, 125.9, 124.4, 122.1, 118.2, 40.1, 38.4, 33 .7, 24.0. HRMS (ES!): 
Cale. for C21H23NOsSzNa (M+Naf: 456.0910; found: 456.09 13. 
(9s, 1 Os)-1 0-(N-p-tolylmethylsulfonamido )-9,1 0-dihydroanthracen-9-yl pivalate (20) : 
A solution ofbis(tert-butylcarbonyloxy)iodobenzene (0.096 mmol, 1.6 equiv.) in 
(CF3)2CHOH ("HFIP", 0.2 ml) was added dropwise on 30 second to a vigorously stirred 
solution ofsulfonamide 15a (11.1 mg, 0.060 mmol , l equiv.) and the anthracene (0.299 
mmol, 5.0 equiv.) in HFIP/DCM (2: 1; ml) and Na2C03 at -4 °C. The mixture was then stirred 
for 30 seconds and quenched with NaHC03. The phases were separated and the aqueous 
phase extracted with EtOAc. The organic phases were dricd over Na2S04, flltered and 
conccntratcd under vacuum. The rcsidue was puri fied by silica gel chromatography with a 
mixture of eth yi acetatclhexane to afford 20 in 46'Yo yicld (0.027 mmol, 12.1 mg). 1 H NMR 
(300 MHz, CDCI3) il 7.81 (d, J = 7.5 Hz, 2H), 7.46 (t, J = 7.4 Hz, 2H), 7.35 (t, J = 7.1 Hz, 
2H), 7.02 (d, J =' 7.8 Hz, 2H) , 6.85 (d, J = 7.0 Hz, 2H), 6.84 (s, IH), 6.16 (d, J o, 8.2 Hz, 2H), 
.52 (s, 1 H), 3.00 (s, 3H). 2.26 (s, 3H), 1.30 (s, 91-! ); 13C NMR (75 MH z, CDCI3) o 178.2, 
139.7, 138.4, 133.2, 131.9, 131.7, 129.7, 129.4, 128.5, 128.5, 125.2, 66.4, 60.3, 41.1, 39.1, 
27.4, 21.3 . HRMS (ES!): Cale . for C2;H30N04S (M+Ht: 464.1890; found: 464.1882. 
-SI!-
General procedure for the formation of coupling product S: 
Trit1uoroacctic acid (0.55 mmol, 5.0 cquiv.) was added to a solution of cycloaddition product 
21 (0.11 mnol, 1.0 equiv.) in DCM at room temperature and the solution was hcatcd at 40 °C. 
After completion, the solution was cvaporatcd undcr rcduccd pressure and puri fied by silica 
gel chromatography with a mixture of cthy1 acctatc/hexanc to give the corresponding coup1ing 
product S. 
2'-iodo-S-(2-(phenylsulfonyl)ethyl)-11 ,1 '-biphenyl]-2-ol (Sa): Pale ycllow oil: 0.032 mmol, 
15.0 mg, 97% yicld; 11-1 NMR (300 MHz, CDC13) o 8.01 - 7.92 (m, 31-1), 7.67 - 7.54 (m, 3H), 
7.43 (dd, J = 7.4, 6.6 Hz, IH), 7.24 (d, .! = 1.6 Hz, 1 H), 7.08 (ddd, .! = 15.8, 8.0, 1.9 Hz, 21-1), 
6.88 (d, J = 8.3 Hz, 1 H), 6.83 (d, .! = 2.1 Hz, lH), 3.41 - 3.32 (m, 2H), 3.06- 2.98 (m, 2H); 
13C NMR (75 MHz, CDCI3) o 151.2, 141.5, 139.9, 139.2, 133.9, 131.3, 131.0, 130.3 , 130.1, 
129.8, 129.5, 129.4, 128.9, 128.3, 116.4, 100.6, 57.9, 28.1; LR u (cm- 1) 3418, 1634, 1511 , 
1446, 1306, 1149; HRMS (ESI): Cale. for C20H 18103S (M+Hf: 465.00 16; fou nd: 465.0013. 
2'-iodo-5'-methyl-5-(2-(phenylsulfonyl)ethyl)-[l , l'-biphenyll-2-ol (Sb): Pale yc1 1ow oil: 
0.051 mmol, 24.5 mg, 91% yic1d ; 1H NMR (300 MHz, CDCI3) o 7.94 (d, J = 7.1 Hz, 2H), 
7.82 (d, J = 8.1 Hz, 1 H), 7.67 - 7.53 (rn, 311), 7.07 (d, J = 1.9 Hz, Ill ), 7.04 (dd,.! = 8.3, 2.3 
Hz, 1 H), 6. 92 (dd,.! = 8.2, 2.1 Hz, 1 H), 6.87 (d, ./ = 8.3 Hz, 1 H), 6.82 ( d, .1 = 2.2 Hz, 1 H), 
3.41 - 3.33 (m, 2H), 305 - 2.97 (m, 2H), 2.32 (s, 3H); 13C NMR (75 MHz, CDCI3) () 151.2, 
141.2, 139.6, 139.2, 139.1, 133 .9, 131.8, 131.3 , 131.2, 130.3, 129.7, 129.5, 129.4, 128.3, 
116.3, 96.3, 57.9, 28.1, 21.0; HRMS (ESI): Cale. for C2 1H23 IN03S (M+Nil 4( 496.0438; 
fmmd: 496.0416. 
5'-ethyl-2'-iodo-S-(2-(phenylsulfonyl)ethyl)-[1,1'-biphenyiJ-2-ol (Sc): Pale ycllow oil: 
0.041 mmol, 20.0 mg, 98% yicld; 1H NMR (300 MHz, CDCI1) o 7.94 (d,.! = 7. 1 Hz, 2H), 
7.85 (d,.J = 8.1 Hz, 1H), 7.67 - 7.55 (rn, 3H), 7.09 (d , J = 2. 1 Hz, 1H), 7.05 (dd, .! = 8.3, 2.2 
Hz, IH), 6.98 - 6.91 (m, lH), 6.88 (d, .1 = 8.3 Hz, 1 H), 6.83 (d, .! = 2.1 Hz, lH), 4.7 J (s, 1 H), 
3.41 - 3.33 (m, 2H), 3.05-2.98 (rn, 2H), 2.62 (q, J = 7.6 Hz, 2H), 1.23 (t, J = 7.5 Hz , 3H); 
13C NMR (75 MHz, CDCI3) o 151.2, 145.4, 141.2, 139.8, 139.2, 133.9, 131.4, 130.6, 130.3, 
130.0, 129.7, 129.5, 129.4, 128.3, 116.3, 96.5, 57.9, 28.4, 28.1, 15.4; HRMS (ES!): Cale. for 




2'-iodo-5'-isopropyl-5-(2-(phenylsulfonyl)ethyl)-[1 ,1 '-hiphenyl]-2-ol (Sd): Pale yellow oil: 
0.059 rnrnol, 29.7 mg, 90% yield; 1H NMR (300 MHz, CDC\3) o 7.95 (d, .!= 7.2 Hz, 2H), 
7.86 (d, J = 8.2 Hz, lB), 7.67 - 7.57 (rn, 4H), 7. 12 (d, J = 2.2 Hz, lH), 7.05 (dd, J = 8.3, 2.1 
Hz, 1H), 6.98 (d, J = 8.3 Hz, 2H), 6.88 (d, J = 8.3 Hz, 1H), 6.84 (d, .!= 2.1 Hz, 1H), 3.42 -
3.34 (m, 2H), 3.06- 2.97 (m, 2H), 2.94 - 2.83 (rn, 1 H), 1.23 (t, J = 6. 7Hz, 6H); 13C NMR 
(75 MHz, CDC13) 8 151.2, 150.2, 141.2, 139.8, 139.1, 13 7.5 , 134.0, 131.5, 130.3, 129.7, 
129.5, 129.4, 129.3, 128.8, 128.6, 128.3, 116.3,96.6,57.9,33.8,28.1 , 23.9,23.9;[R1J(cm- 1) 
3426, 1509, 1446, 1306, 1149; HRMS (ESI): Cale. for C23H24I0.1 S (M+H)+: 507,0485; found: 
507,0493. 
5-(2-(phenylsulfonyl)ethyl)-[ 1, l'-hiphenyl)-2-ol (Se): Pale yellow oi l: 0.082 mrnol, 27.7 mg, 
97% yield; 1H NMR (300 MHz, CDCt3) o 7.93 (d , .! = 7.2 Hz, 2H), 7.67 - 7.55 (m, 3H), 7.50 
- 7.37 (m, 5H), 7.02 - 6.96 (m, 2H), 6.87 (d, J = 8. 1 Hz, IH), 3.42-3 .33 (rn, 2H), 3.06 -
2.97 (m, 2H); 13C NMR (75 MHz, CDCh) 8 151.5, 139.2, 136.8, 133.9, 130.2, 129.7, 129.5, 
129.4, 129.1, 129.0, 128.6, 128.2, 128.2, 116.4, 57.9, 28 .1 ; TRu (cm- 1) 3425, 1446, 1305, 
1149; HRMS (ES!): Cale. fo r C40H36Na06S2 (2M+Nar: 699.1846; found : 699.1 823. 
2'-iodo-5-(2-((4-methoxyphenyl)sulfonyl)ethyl)-11,1 '-biphenyl]-2-o.l (Sf): Pale yellow oit: 
0.025 mmol , 12.3 mg, 87% yield ; 1 H NMR (300 MHz, CDCI3) o 8.00 - 7.95 (m, 1 H), 7.85 (d, 
.! = 8.9 Hz, 21-:1), 7.43 (dt,./ = 7.5, 3.7 Hz, 1 H), 7.08 (ddd, J = 15 .7, 7.9, 1.9 Hz, 2H), 7.02 (d, J 
= 8.9 Hz, 2H), 6.88 (d, J = 8.3 Hz, 1 H), 6.83 (d, .J = 2.1 Hz, l H), 3.88 (s, 311), 3.38 - 3.30 (rn, 
2H), 3.05 - 2.95 (rn, 2H); 13C NM R (75 MHz, CDCh) 8 164.0, 151.2, 141.6, 139.9, 131.3, 
131.0, 130.5, 130.3, 130.1, 129.8, 129.6, 128.9, 128.4, 116.4, 114.7, 100.6, 58.2, 55.9, 28.3; 
IR u (cm- 1) 3418, 1594, 1497, 1262, 1144; HRMS (ES!): Cale. tor C21H2ol04S (M+Hf: 
495.0121 ; found: 495.0116. 
2-(naphthalen-1-yl)-4-(2-(phenylsulfonyl)ethyl)phenol (Sg): Pale yellow oil: 0.030 mmol, 
11.5mg, 98% yie ld; 1H NMR (300MHz, CDCb) /) 7.92 (dd , J = 5.3, 3.2 Hz, 411), 7.63 (d,J = 
7.3 Hz, 1 H), 7.55 (t, J =' 7.8 Hz, 5H), 7.49 (dd, J = 8.5, 1.3 Hz, l H), 7.42 (t, J ~ 7.5 Hz, 2H), 
7.12 (dd, .J = 8.3, 2.3 Hz, 1 H), 7.00 (d, J = 2.2 Hz, 1 H), 6.96 (d, J "' 8.3 Hz, 1 H), 3.42 - 3.35 
(m, 2H), 3.09 - 3.01 (m, 2H); 13C NMR (75 MHz, CDCI3) 8 152.3, 139.3, 134.1, 133.9, 
133.7, 131.8, 131.0, 129.5 , 129.5, 129.2, 128.7, 128.3, 128.2, 127.0, 126.8, 126.6, 125.9, 
125.6, 116.2, 57.9, 28.1 ; HRMS (EST): Cale. tor C24H24N03S (M+NH4t: 406.1471 ; found : 
406.1453 . 
-Sl3-
N-(4-methyl-2-(naphthalen-1-yl)pll enyl)ethanesulfonamide (Sh): Pale ycllow oil: 0.074 
mmol, 24.0 mg, 97% yicld; 1H NMR (300 MHz, CDCI3) o 7.95 (d, .J == 8.2 Hz, 2H), 7.62 -
7.46 (m, 5H), 7.41 (dd, .J =- 7.0, LI Hz, 1 H), 7.30 (dd, .J =- 8.3, 1.6 Hz, 1 H), 7.22 (d , .J =- 1.9 
Hz, 1 H), 2.83 (q, .J = 7.4 Hz, 2H), 2.4-1 (s, 3H), 0 .80 (t, .J = 7.4 Hz, 3H); 13C NMR (75 MHz, 
CDCb) ô 135 .0, 134.8, 134.0, 132.6, 132.1, 13 1. 8, 13 1.6, 130.0, 129.2, 128.9, 127.6, 127.2, 
126.7, 125.8, 125.2, 120.8, 46. 1, 20.9, 7.9; IR u (cm·· !) 3357, 1498, 1333, 1153; HRMS 
(ES!): Cale. for Ct9lboN02S (M+II)'": 326.1209; found: 326.1203. 
N-(2-(naphthalen- l-yl}-4-pr opylpll en:yl)methanes ulfonamide (Si): Pale ycllow oil: 0.051 
mmol , 17.2 mg, 83% yi cid; 1H NMR (300 MHz, CDCb) ô 7.95 (d, J = 8.2 Hz, 2H), 7.68 (d, J 
= 8.3 Hz, 1 H), 7.61 - 7.51 (rn, 2H), 7.46 (d, .J = 3.2 Hz, 21-1), 7.39 (d, .J = 7.0 Hz, 1 H), 7.30 
(dd, .J = 8.3, 1.9 Hz, 1 H), 7. 15 (d, .J = 1. 9 Hz, 1 H), 2.69 (s, 311), 2.67 - 2.59 (m, 2H), 1.68 (sx, 
.J = 7.4 Hz, 2H), 0.97 (t, J "" 7.3 Hz, 31-1) ; 13C NMR (75 MHz, CDCI3) o 139.8, 135.0, 134. 1, 
132.7, 131.8, 131.7, 131.5, 129.4, 129.2, 128.9, 127.7, 127.2, 126.7, 125.8, 125.1 , 120.9,39.4, 
37.4, 24.6, 13.9; HRMS (ESI): Cale. for C2oHn N02S (M+Hf: 340.1366; found: 340.1359. 
N-(4-isopropyl-2-(n aphthalen-1 -yl)phenyl)meth anesul fo namide (Sj): Pale ycllow oil : 
0 .105 mmo1, 35.8 mg, 97% yicld; 1H NMR (300 MHz, CDCh) o 7.96 (d, J = 8.2 Hz, 211), 
7.68 (d, .J ""' 8.4 Hz, IH), 7.60 - 7.52 (m, 21-1), 7.48 - 7.45 (m, 2H), 7.40 (dd, .J = 7.0, 1.1 Hz, 
JH), 7.35 (dd, .J = 8.4, 2.2 Hz, lH), 7.19 (d , J = 2. 1 Hz, 1 H) , 2.95 (h , J = 6.9 Hz, IH), 2.69 (s, 
3H), 1.27 (d,J = 1.8 Hz, 6H); 13C NMR(75 MHz, CDC13) o 146.0, 135.1, 134.1, 132.7, 
131.8, 131.7, 129.6, 129.2, 128.9, 127.7, 127.4, 127.2, 126.7, 125.8, 125. 1, 121.0, 39.5, 33 .7, 
24.1 ; HRMS (ESI): Cale. for C2oH22N02S (M·t·Hf: 340.1366; found: 340. 1352. 
N-( 4-(2-hydro.xyethyl)-2-(naphthalen-1 -yl)phenyl)meth anesulfonamide (Sk): Pale ycllow 
oil: 0.016 mmol, 5.5 mg, 76% yicld; 1H NMR (300 MHz, CDC11) o 7.96 (d, J = 8.3 Hz, 211), 
7.72 (d,.! = 8.4 Hz, lH), 7.55 (ddd , ./ = 7.6, 6.5, 5.0 Hz, 2H), 7.45 (d,.! = 3.7 Hz, 2H), 7.40 -
7.33 (m, 21-1), 7.20 (d, .J = 2.0 Hz, l H), 6.01 (s, 1 H), 3.91 (t, .J"' 6.5 Hz, 21-1), 2.9 1 (t, .J = 6.5 
Hz, 21-1), 2.72 (s, 3H); 13C NMR (75 MHz, CDCI;)O 135.7, 134.6, 134.1, 133 .5, 132.1, 131.9, 
131.7, 130.0, 129.4, 129.0, 127.8, 127.3, 126.8, 125.8, 125.0, 120.9, 63 .6, 39.6, 38.6; IR u 





4-(methylsulfonamido )-3-(naphthalen-1-yl)phenethyl 2,2,2-tritluoroacetate (51): Pale 
ycllow oil : 0.038 mmol , 16.5 mg, 79% yicld ; 1H NMR (300 MHz, CDC13) o 7.97 (d,.! = 8.2 
Hz, 2H), 7.75 (d, .! = 8.4 Hz, Ill), 7.62 - 7.51 (m, 2H), 7.50 - 7.32 (m, 5H), 7.19 (d, J = 1.9 
Hz, 1 H), 4.59 (t, .! = 6.8 Hz, 2H), 3.09 (t,.! = 6.8 H.z, 2H), 2.73 (s, 3H); 13C NMR (75 MHz, 
CDCb) o 134.2, 133.1, 132.1 , 131.9, 131.7, 129.9, 129.6, 129.0, 127.7, 127.4, 126.9, 125.8, 
124.9, 120.7, 68.2, 39.6, 34.1 ; HRMS (ESl): Cale. for C2tHt sF3NNa04S (M+Nat : 460.0801 ; 
found : 460.0795. 
N-(2-( na ph th al en -1-y 1)-4-(2-(p henylsu If o nyl)eth yl)p heny 1) me th anesulf on amide ( 5 rn): 
Pale yellow oil : 0.011 mmol, 5.0 mg, 94% yield ; 1H NMR (300 MHz, CDCl.J) o 7.94 (t, .! = 
6.8 Hz, 4H), 7.72- 7.63 (rn, 2H), 7.62 - 7.51 (rn, 4H), 7.44 (t, .! = 7.5 Hz, 1 H), 7.37 - 7.31 
(m, 2H), 7.08 (d , J = 1.6 Hz, IH), 5.98 (s, lH), 3.44 - 3.36 (rn, 2H), 3.15 - 3.06 (m, 2H), 2.71 
(s, 3H); 13C NMR (75 MHz, CDCI3) o 139.2, 134.4, 134.0, 132.0, 13 1.6, 131.4, 129.6, 129.6, 
129.4, 129.1, 128.3 , 127.7, 127.4, 126.9, 125.8, 124.8, 120.8, 57.5, 39.7, 28 .2; HRMS (ESI) : 
Cale. for C25H24N04S2 (M +Ilf: 466.1141 ; found: 466.1133. 
General procedure for the formation of coupling product 23: 
A solution ofbis(Ieri-butylcarbony1oxy)iodobenzcne (0.17 mmol , 1.6 equ iv.) in (CF3)2CHOH 
("HFIP", 0.35 ml) was added dropwisc on 30 second to a vigorously stirrcd solution of 
sulfamide 22 (0.11 mmol , 1 cquiv.) and naphthalcnc (0.55 rnmol , 5.0 cquiv.) in HFIP/DCM 
(2 : 1; ml) at -4 °C. The mixture was thcn stirred for 30 seconds and quenched with NaHC03. 
The phases wcre separared and the aqueous phase extraetcd with EtOAc. The organic phases 
were dricd over Na2S04, filtcred and conccntratcd undcr vacuum. The rcsiduc was puriticd by 
si li ca gel chromatography with a mixture of eth yi acetatclhcxanc to givc the corrcsponding 
coup ling product 23 . 
N-(4-methyl-2-(naph thalen-I-yl)phenyl)pyr rolidine-1-sulfonamide (23a): Pale yellow oil: 
0.035 mrnol, 12.9 mg, 55% yield; 11-1 NMR (300 MHz, CDCb) o 8.37 (d,.! = 8.3 Hz, IH), 
7.89 (d , .! = 7.5 llz, 1 H), 7.85 (d, .! "" 8.2 Hz, 2H), 7.57- 7.48 (m, 311), 7.46 (d, .! = 8.3 Hz, 
2H), 7.09 (d, .! = 8.3 Hz, 2H), 3.36 (t,.! = 6.6 Hz, 4H), 2.28 (s, 3H), 1.72- 1.65 (rn, 41-1) ; 13C 
NMR (75 MHz, CDCh) o 140.2, 138.2, 135.9, 135.1, 132.0, 129.7, 128.9, 128.4, 128.0, 
127.1, 126.4, 125.6, 125.5, 123.8 , 49.0, 25.8, 21.0; HRMS (ESI): Cale. for C21H23N20 2S 
(M+Hf : 367.1475; found: 367.1471. 
-$ 15-
N-(4-ethyl-2-(naphthalen-l -yl)phenyl)pyH olidine-1-sulfonamide (23b): Pale yellow oi l: 
0.057 mmol, 21 .6 mg, 64% yield; 111 NMR (300 MHz, CDCl3) o 8.38 (d, .! = 8.3 Hz, III), 
7.90 (d, .!= 7.4 Hz, l H), 7.85 (d, .! = 8.2 Hz, 2H), 7.58 - 7.45 (m, 51-1), 7.11 (d,.! = 8.5 Hz, 
2H), 3.36 (t,.! = 6.6 Hz, 4H), 2.58 (q, J = 7.6 Hz, 2H), 1.71 - 1.64 (m, 4H), 1.17 (t, .! = 7.6 
Hz, 3H); 13C NMR (75 MHz, CDC13) 5 142.2, 140.3 , 138.2, 135 .1 , 132. 1, 128.9, 128.5, 128.4, 
128.1 , 127.1, 126.4, 125 .6, 125.5, 123.8, 49.0, 28.4, 25.8, 15.5; IR u (ern- 1) 1595, 1506, 
1343, 1156; HRMS (ES!): Cale. for C22 H24N2Na02S (M+Na/: 403 .145 1; found: 403. 1431. 
N-( 4-isop•·opyl-2-(napbthalen-l-yl)phenyl)pyrrolidine-1-sulfona rnide (23c): Pale yellow 
oi l: 0.031 rnmol , 12.4 mg, 54% yield; 1 H NMR (300 MHz, CDCI3) 8 8.39 (d, .! = 8.3 Hz, 1 H), 
7.90 (d,.J= 7.4 Hz, 1 H), 7.&5 (d, J = 8. 1 Hz, 211), 7.59 - 7.45 (rn, 51-1), 7.13 (d, J = 8.5 Hz, 
2H), 3.35 (t, .! = 6.5 Hz, 4H}, 2.92 - 2.76 (m, Ill), 1.71 - 1.63 (rn, 4H), 1.18 (d,.! = 6.9 Hz, 
6H); 13CNMR (75 MHz, CDCb) 8 146.8, 140.3, 138 .2, 135. 1, 132.1, 128.9, 128.4, 128.0, 
127.1, 126.4, 125.6, 125.5, 123.8, 49.0, 33.7, 25.8, 24.0. IR u (cm- 1) 1498, 1343, 1156; 
HRMS (ESI): Ca le. fo r C23H17N20 2S (M+Hf: 395.1788; found : 395.1797. 
N-(4-chloro-2-(napbthalen-l -yl)phenyl)pyrrolidine-1-sulfona rnide (23d): Pale ycllow oi l: 
0.054 rnmol, 21.0 mg, 81% yield; 1H NMR (300 MHz, CDCI3) 8 8.27 - 8.2 1 (m, 1 H), 7.92 -
7.79 (rn, 4H), 7.58 - 7.48 (rn, 3H), 7.48 - 7.40 (rn, 3H), 7.23 (d, J = 8.9 Hz, 2H), 3.33 (d, J = 
6.4 Hz, 4H), 1.72 - 1.66 (m, 4H); 13C NMR (75 MHz, CDCh) 8 141.5 , 137.4, 135. 1, 13 1.9, 
131.1, 129.5, 129.4, 129.2, 128.6, 128.7, 127.4, 126.6, 125.8, 125.6, 123.5, 49.0, 25.8. HRMS 
(ES!): Ca le. for C2ol l t9CIKN,0 2S (M+ Kf : 425.0487; found: 425 .0466. 
N-(2-( na ph th a !en -1-y 1)-4-( tri rn etbylsilyl)p henyl)pyrro lidine-1-s ulfona mid e (23 e): 
Pa le yellow oil : 0.056 rnrnol, 23 .7 mg, 52% yield; 1H NMR (300 MHz, CDCb) 8 8.32 (d,.! = 
8.0 Hz, 1 H), 7.90 - 7.82 (m, 3H), 7.52 (q, .! ·"' 8.0 Hz, 4H), 7.43 (q, J ""· 8.6 Hz, 4H), 3.37 (s, 
4H), 1.72- l.65 (m, 4H), 0.21 (s, J = 3.2 Hz, 9H); 13C NMR (75 MHz, CDCb) o 143.3, 
137.7, 13 7.3, 135.1 , 134.2, 132.2, 129.1. 128.4, 128.4, 127.2, 126.5, 125.6, 123.8, 123.5, 49.0, 
25.8, -1.0; IR u (cm- 1) 1592, 1499, 1347, 11 57; HRMS (ES!): Cale. for C46Hs6N4Na04S2Si 




Diethyl 8-(2-(p henylsulfon yl)ethyl)-1 ,4,4a,9b-tetrah ydro-1 ,4-
pidiazanodibenzo[b,dJfuran-10,1 1-dicarboxylate (26) : 
To a solution of 12a (36.7 mg, 0.079 mmo1, 1.0 cquiv.) in bcnzcnc ( 1.0 ml) was addcd DEAD 
(0.094 mmol, 1.2 equiv.). The reaction was hcated at 60°C and the reaction was followed by 
TLC. After complction, the mixture was rapidly puritïed by silica gel chromatography with a 
mixture of eth yi acctatc/hexane and the residue was trcatcd with Li OH in THF/H20 ( 1:1) at 
40°C. After 24h, the reaction was qucnchcd with NH4Cl. The phases wcre scparated and the 
aqueous phase extracted with EtOAe. The organic phases wcre dried over Na2S04, filtered 
and concentrated under vacuum. The residue was puritïed by silica gel chromatography with a 
mixture of cthyl acctatc/hcxanc to afford 26 in 59 'Yo yicld (0.047 nunol, 29.5 mg). 1H NMR 
(300 MHz, CDClJ) o 7.95 (d, J = 7.3 Hz, 2H), 7.72 -7.64 (rn, 1 H), 7.63 - 7.50 (rn, 3H), 6.9 1 
( d, J = 7. 7 Hz, 1 H), 6.62 (s, 1 H), 6.55 ( d, J = 8.2 Hz, 1 H), 6.35 (s, lH), 5.20 - 5.00 (rn, 2H), 
4.89 (s, 1 H), 4.34 - 4.10 (m, 4H), 3.39 - 3.29 (rn, 2H), 3.07 - 2.96 (rn, 2H), 1.35 - 1.22 (m, 
7H); ne NMR (75 MHz, CDCb) 8 160.2, 157.2, 139.2, 133 .9, 129.8, 129.5, 128.2, 125.4, 
109.8, 80.7, 63.4, 63.2, 58.0, 54.4, 51.0, 28.4, 14.6, 14.5; HRMS (ESI): Cale. for 
C26H2ïiN20 1S (M+Ht: 638.0578; found: 638.0568. 
1 O-methyl-7-(methylsulfonyl)-6,6a, 7,11 b-tetrahydro-SH-benzoJcJcarbazole (27) : 
To a solution ofl7a (23 .2 mg, 0.075 mmol, 1.0 equiv.) in McOH (2.0 mL) was addcd Pd/C 
(0.0038mmol, 0.05 equiv.). The mixture was stirred at room temperature and the reaction was 
followcd by Mass Spectroscopy. Atter eompletion the mixture was tiltercd through Ccli te and 
conccntratcd undcr vacuum. The residue was puriticd by silica gel chromatography with a 
mixture of eth yi acetatc/hexanc to afford 28 in 66% yi cid (0.049 rnmol, 15.4 mg). 1H NMR 
(300 MHz, CDC13) li 7.39 (d,J = 7.3 Hz, 111), 7.34 - 7.29 (m, 2H), 7.2 1 (td,./ = 7.4, 1.3 Hz, 
lH), 7.12 (d, J = 7.5 Hz, 1H), 6.98 (d, .J = 8.2 Hz, 1 H}, 6.90 (s, LH), 4.81 - 4.71 (m, 2H), 2.93 
(d, J = 7.0 Hz, 3H), 2.69 (t,.! "" 6.0 Hz, 2H), 2.38- 2.26 (m, 1 H), 2.23 (s, 3H), 2.03- 1.89 (m, 
IH); 13C NMR (75 MHz, CDCl3) 6 138.7, 138.2, 135.0, 134.6, 134.4, 129.3. 129.0, 128.8, 
127.0, 126. 7, 125.9, 1 1 5.2, 63 . 1, 44.9, 36.4, 29.8, 26.2, 21.1. HRMS (ES!): Cale. for 
C1 RH2oN02S (M+Hf: 314.1209; found: 314.1211. 
1 O-methyl-7-(methylsulfonyl)-6,6a,7,11 b-tetrahydro-SH-benzoJcJcarbazole-5,6-diol (28) : 
To a solution of 17a ( 18.7 mg, 0.060 mmol, 1.0 cquiv.) in THF (1.5 mL) was addcd Os04 
(0.0 12 mmol, 0.2 equiv.) and NMO (0.120 mmol , 2.0 cquiv.). The mixture was stirrcd at 
room temperature and the reaction was followed by TLC. Aftcr completion, Na2S20 _, was 
-S 17-
addcd, lollowcd by Ccli te and EtOAe. The mixture was stirred during 30 minutes, filtcred 
through Ccli te and conccntratcd undcr vacuum. The residuc was purified by si lica gel 
chromatography with a mixture of cthyl acctatc/hcxane to afford 28 in 60% yield (0.036 
mmol, 12.5 mg). 1H NMR (300 MHz, CDCI3) ô 7.46 (d, ./ = 4.0 Hz, 2H), 7.3 7 (d, ./ = 8.2 Hz, 
2H), 7.03 (d, .! = 8.4 Hz, 1 H), 6.99 (s, IH), 4.85 (t,.! = 9.9 Hz, IH), 4.81 - 4.74 (m, 2H), 4.01 
(dd,.! = 7.4, 2.8 Hz, lH), 2.g7 (s, 3H). 2.26 (s, 31-I); 13C NMR (75 MHz, CDCI1) 8 137.6, 
135.5, 135.0, 134.2, 133.1 , 130.0, 129.4, 129.2, 129.0, 127.9, 125.3 , 117.2, 70 .9, 69.5, 65 .3, 
44.7, 37.0, 21.2. HRMS (ESI): Cale. for C 1xH20N04S (M+Hf : 346. 11 08; tou nd: 346.1102. 
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"A CONCISE FORMAL SYNTHESIS OF STRYCHNINE" ARTICLE 
L'article sera soumis sous peu. 
Titre: A Concise Formai Synthesis of Strychnine 
Auteurs: Guillaume Jacquemot et Sylvain Canesi* 
216 
A Concise Formai Synthesis of 
Strychnine 
Guillaume Jacquemot and Sylvain Canesi* 
Lalwratoire de Méthodologie et Sw thè.re de Produits Naturels. Université du Québec à 
Montréal, CP. 88i/8, Suce. Centre-Vi/le, lvflm tréal. HJC JPR, Québec, Canada. 
*caJzesi.sy /vai11((.4 l l(Ja m.ca 
Received Date {will be automatically inserted after manuscript is accepted) 
ABSTRACT 
7 sleps 
QcC('ort O .~:.y -~ 2stcps 
A concise synthesis of the main pentacyclic core of strychnine has been achieved from available 3-(4· 
Hydroxyphenyl)propionic acid methyl ester in nine steps. This synthesis involves an oxidative dearomatization 
transformation mediated by a hypervalent iodine reagent, a novel aza Michael-ether-enol tandem process , a heck 
type cyclization and a reductive isomerization reaction. 
(+)-St ryc hn ine has becn mainly i>o lated from the seeds of 
the trees Sli)'Citi!Os ignatii Bergius and Strychnos nux-
w>mica. 1 This compound is one of the most known a lkaloid 
in the wo rld by chemists as we il as the po pulatio n d ue to its 
dangcn)u> biologica l propertics. [ndeed , the act ing poiso n 
effec t o f nuts containing stryc lminc bas been involvcd in 
severa! famous murdcrs and legends down the ages 2 
Firs tly iso lated by Pell etier and Caventou in 1818.3 th is 
a lka loid is also considercd to be the tirs t complex total 
synthc,;is that has been ach icvcd in the o rganic chemi stry 
history by Woodwa rd and coworkcrs in 19544 and none 
othcr synthcsis o f th is mo lec ule bas bccn accompl ished 
duri ng al most forty years a l'tcr. ln the 1990s, severa! 
beautiful total and fo rma i sy nt heses have been 
subsequen t! )' reported in the litcrature . Th is alka loid has 
been a wonderfu l source o f insp iration tha t bas allowcd 
developing numerous advancemcnts in organ ic synthcsis 
and tra ining sevt!ra l chemis t s:~ A very intcresting review by 
( 1) Crcr!Scy. W. A fu Monotcrpenoid Indole Alka/oid.\·, Supph·mem 10 
Vol. }j_ Part 4 (Eù .: l. E. Sax ton), Wilcy, N'"" York. 1994. pp. ï15. 
(2) But.:kingham, J. Biller Nemeu.m. The Intimatc History of 
Stry~.:hnine, CRC, Boc:a Raton. FL, 2008. 
(3 ) (a) Pellclicr, P.J., Ca ventou. J. B . . 1 1111. Chim. Ph) s. 1818, Il, 323: 
(b) Pelletier~ P. J., Caventou, J. B. Ann. Chim. Ph_i~'}·. 1819: J(): 142. 
(4) Woodward, R. 8 .; Cava, M. P.: Ollis. W. D.: Hunger, A.; H. U. 
Dacnikcr. H. U.: $çhc11kcr. K . ./. Am. 0 1<'111 . Soc. 1954, 7~. 4749 . 
(5) (•) Magnus. P.:. Giks. M.: Bonnert. R.; Kim, C'. S.: McQuire, L.; 
Merritl. A.; Vickcr, N. J. Am. Clrem_ Soc. 1992. 114,4403. (b) Kniyht. S. 
D.; Ov~nnnn . L E.: Pai ramh:au. G . ./_Am. Cltem. Soc. 1993, 115. 9~93. 
(c) Kuchnc, M. E.; Xu, F. ,/. Org Clmn. t993. j/1_ 7490. (d) Rawal , V. H.; 
Overman and Cannon out lincs the mai n strategies and 
acco mpl ishments that have been repo rted on strychni ne 
syntheses." Strychni ne 1 bclongs to the stryc hnos a lkaloids 
whic h rcprcsent a large family of b ioac ti ve natural products 
such as icajine 2,ï or akua m micl ne 3,g Figure 1. 
hvaSll . S . ./. Org. Ch~m. 1994, 59. 2685. tc) Kuchnc. M. E.: Xu. F . ./. (J,g. 
Oiem. 1998, ~3. 9427. (l) S<M. D. : llonjoch, J.; Garda-Rubio. S.: l'ciùril, 
E.: Bosch, J. Augew. Chem., !111. Ed. 1999, 38. 395. (g) llo, M.; Cl11 rk. C. 
W.; Mortimorc, M. ; Ooh, J. B.; Martin. S. F. ./.Am. Chcm. Soc. 2001. 123. 
8001. (h) Eichbcrg. M . J.: Dorta. R. L.: Llmollkc. K.; Vollhardt , K. P. C. 
Org. Leu. 2000. 2. 24ï9. (i) N<tk<mishi . M.; Mori. M. Angew. Chem., /nt. 
Ed. 2002 . .JI. 1934. (il Bodwdl, G. J.: Li. J. Aug~w. O.em .. lut. Ed. 1002 , 
41 , 3261. (k) Ohshima. T.: Xu, Y. ; Takita, R.; Shimuzu, S .: Zhong, D.; 
Shiba'<iki, M. J. Am. Chcm. Soc. 2002, 124 . . 14546. (1) K11burag i, Y.: 
Tùkuyama, H.; Fukuyama, T. J. Am. Chenr. Soc. 2004 . ll6, 10246. (m) 
Zhang, H.: B(l<Jn sombat~ J. ; Paùwa. /\ . Ol:f!.. Let/. 2-007, 9, 2ï9. (n) 
Sirasrmi. G. : Ptml. T.; Doughl.!rty. W. Jr.: Ka!\sd. S. : Andradl.!. R. B. J. 
Org. Chem. 2010. 75, 3529. (o) Bcernclmam1s, C'.; RcissiK. 1-J. U. Angcw. 
Owm., lm. Dl. 2010. 49. 8021. (p) (\,funin. D. B. C.; Vandcrw:~l. C. D. 
Cln•m. Sei. 2011, 2. 649. (q) Jonc-s, S. B.: SimmonS1 B.; Mastratchio, A.; 
MacMillan, D. W. C. Natuœ 2011 , -175. 1 X5. (r) Bon joch, J.; Soi<:. D. 
Cllem. !lev. 2000 , lOO, 3455. (s) Mori, M. lletcrocvcle., 2010. 81 , 259. (t) 
Furst, L.; Stephenson, C. R . .1. Nat. Chcm. Biol. 2011. 7. 5R2 . (u) 
Bt·cmdmanns, C.; Rcissig, H.-lJ. Cllt•m. Soc Rcv. 2011 , 40, "199. (v) 
Martin, D. B. C., Nguyc"'· L. Q .. Vanùcrwal, C. D. J Org Cllcm. 2012, 
77, t7. 
(6) Ctmnon, J. S.~ Ov~nnan~ L. E. Angew. Chem .. lm. Ed. 2012. 51. 
42g8_ 
(7) (a) Delle, M. F.; Gclabc1 , B. A. ; Corio, E.; Marin. G . ./. 
Chromntogr. 1968. 32. t78. 
(8) Tan, S. 1.: low, Y. Y.: Choo, Y. M.: Abùullah, Z.; Ett>h, T.: 
Hay•>hi, M. : Komiyama, K.; Kmn, T. S. J. Nat. {'r<xl. 2010, 73, t 89 1. 
Figure 1. Strychn ine and Relatcd Albloids 
Despite the !~tel thal se veral syntheses of strychnine have 
been reported, our interest in oxidative dearomatiz ing 
processcs9 mediated by hypervalen t iodine reagen ts10 has 
cond uc.ted us to think about an unexplored forma i synthesis 
of this target. ln this paper, wc propose a new concise 
synthesis of the main pentacycl ic core of stryc hnine 
in volv ing seve ra! key stcps such as an aromat ic 
dearomatization trans format ion, a Heck type cyclization. an 
unprecedented aza -Michad-enol-ether tandem process, a 
reducti ve isomer ization and a doub le reductive aminati on . 
The end of synthesis has been ac hieved followi ng the 
remarkable protoco l rcporrcd by Rawal and coworkers.5• 
Figure 2. 
Figure 2. Strychnine Rctrosynthesis 
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{_9) (~1) Guémrd. K. C. : Sabot. C'.; Racicot, L ; Cancsi. S . ./. Org. Cltem. 
2009. 74. 2039. (b) Sabot C.; Gu6mrd. K. C. ; Ctmcsî, S. Chem. C.nmmm. 
2009. 2941. (c) Guomrd, K. C.: Chapelle, C.: Giroux. M. A .; Sabol. C.: 
lkaulicu, M. A. ; Athachc, N.; Cancsi, S. Org. '-""· 2009. 1/, 4756. (d) 
Guérard, K. C.; Sâbot, C.; Bcau!i~u , M. A.: Giroux. M. A. ~ Cancsi. S. 
Tmahedmn 2010, 66, 5893. (c) Andrcz, J. A.: Giroux, M. A .; Lucien, J. ; 
C:anesi. S. 01g Le11. 2010, 12. 4368. (l) Beaulieu. M. A.: Sabot, C.; 
Achachc. N.; Gui:nm.L K. C.: O:mcsi. S. Chem. Eur . .!. 2010: 16, 11224. 
(~) Dc~i ardins. S.: 1\ndrcz. J. J\. : Canc'Si, S. Org. Leu. 2011 . IJ, 3406. (h) 
Beaulieu, M. A.; Guérarù, K. C.; Muertcns, G.; Sabot~ C.~ Cancsi , S. J. 
Org. Che111. 2011 . 76, 9460. (i) Guér~rù, K C.; Gucrinot~ A.; Bouchard-
Aubin~ C.~ Ménard, M.A.; Lcpage, M.; Bcaulî~u. M. A.; Canc.s:i. S . ./. Org. 
Chem. 20 t2, 77, 212 1 (i) Sab(l!, C.: Commarc. B.; Nahi, S.; Duccppo. M. 
A.; Guérard, K. C. ; Canc<i, S. Synlett 2008. 3226. (k) Jacquomol, G.; 
Cancsi. S .. /. Org. C!J<•m. 2012 , 77, 7588. (1) Jacqucmol, G.; IVknarrl. M. 
A.; L'Homme. C.: Cimcsi . S. Chem . Sei. 2013, 4. 12R7 . 
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Our syn thesis starts from avai lable phenol 4. This 
compound reacts wi! h the alumi num salt 11 of ioda-aniline 
to produce the amide 6 in 88% yield. Subsequentl y, an 
oxidative dcaromatization proccss weil de veloped by Kita 
and coworkcrs 12 has been pcrformed 10 yield the dienone 
core 7 in 54% yic ld . Thi s compound is accompanied by a 
snw ll amou nt o f a spirolactam" as a side produc t res ul ting 
from a direct nitrogen allack. At th is stage, a new meihod 
enabling to generatc the bicycl ic enol-ether 8 has bee n 
de vcloped via an azH-Michacl proccss provokcd by a 
sil iconiu m Lewis Hc id in 62%, yield . This tra ns format ion 
shou ld ftr:;~l y occur by an irnino-cth cr formation l(J II owcd 
by an activatio n of th e enone moicty wi th TBS -trinatc 
enabling the nitrogen all ack in a Michael pathway to 
produce the dcsircd cnol -cthcr 8. To the best o f our 
know lcdge, such tra nsformation is unreported in the 
litera lure. lt should he stressed thal compound 7 is a 
proch iral dicnonc system and an asy mmetric aza-Michacl 
process on thi s spccics wou ld lead to an cnantiosdcctivc 
synthes is of strychnine and its congencrs, Schemc 1. 
Schemc 1. llicycl ic System Formation 
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Co mpottnd 8 is the required intcrmediatc to produce the 
fetracorc of strychnine 1. lndeed, 1hc enol -ether moiety 
generated during the prev ious tandem process has been 
involved in a t'u rther carbopalladation such as a Heck type 
cyc lization to produce 9 in 73% yield. The first quaternary 
carbon center has bcen gencrated at this stcp by an 
(S ) (a) Quidcau , S.: Louncy. M. A.: l'ouységu, L Org. Leu. 1999 , 1. 
165 1. (b) Quidcau, S.; Lyv inec, G.~ ~1argucrit , Buthany, K.: Ozanne-
Bcaut.lcnon, A.: Bufcteau, T.; Cavagnat , D.: Chcncde. A Augew. Cht'lll .. 
1111. Ed. 2009, 48~ 4605. ((') Quiùct.~ u , S.; Looncy, M . A.; Puuységu, L. .J. 
01g Chem. 1998, 63, 9597. (d) Puuységu. L ; Sylla. T.; Gamicr, T.; L. B. 
Roja!>. L. B.; Charris, J.; Dcfficux, D. ; Quidcau, S. Tl'trahcdron 2010, 66. 
590&. ((') PouySé!:,~. L.; Ddlicux. D.; Quidcau. S. Tnmhedmn 20 10. 66. 
2235. (1) Liang. 1-1 .; Ciuli>lini . M .. 1\. 0'1:· L<'ll. 2010. Il, 1760. (g ) 
Menddsohn, 13. A.: Lœ, S.; Kim. S.; Tcyssicr, F.; Aulukh, V. S.: 
Ciufolini, M. A. Org. Leu. 2009 , Il , 1539. (h) Liang, H.:. Ciufo lini. M. A 
Tl!trahedmu 2010, 66, 5884. (i) Lc\vis, N.; Wallbank. P. Symhc.\·is 1987, 
1103. 
(f 1) Huang, P.-Q.: Zhcng, X.; Deng. X.·M. TerrahedJYm Leu. 2001 , 
4!, 9039. 
( 12) (a) Tamura. Y.; Yakura, T.; Haruta, L Ki ta . Y . ./. Org. Chem_ 
1987,52,3927. (b) Ki ta, Y.; Tohma, 1-1 .; Hatanaka. K. ; Takada. T.: Fujita, 
S.; Miloh, S.; Sakurai. 1-1 .: Oka, S. J Am. Chem. Soc. 1994. 1/6,3684. (c) 
Dohi, T.; Yamaoka, N.; KiH,, Y. Termhedro1t 2010 , 66, 5775. 
(13) Ciufolini. M. A.~ D~.J.un. N. A. ~ Cctn(·si. S.; Ousmer~ M.: Chang. J.: 
Chai, D . • \]'JIIht•sis 2007.24 . .!759. 
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allylat io n in basic condi tio ns and controlled by the bowl 
sha pe of the molecule 10 afford 10 in 55%, yicld. A 
Lemieux-Johnson transformtltion 14 rca lized on 10 yields 
the aldehyde 1 1 in 88% yield , Scheme 2. 
Schcmc 2. Tetrncycle Formation 
Et,N, Pd2dba3 
CH 3CN, so• C, 5 h 
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A reducti ve isomerization process develo ped by Wipf 
and coworkers on compo und 11 produces the key adduc t 
12 in 63% yie ld . This reacti on is promoted by zi nc in acetic 
acid" and allows installing the double bond at a stra tegie 
position for the elaboration of the hexacyclic system 
dcsired as noteworth y demonstmted by Rawal and 
coworkers. At this stage , a double reductive amination wi th 
the known ami ne-'" 13 is pcrformcd on 12 and enables 
producing the desircd substituted pentacyclic core 14, 
Schcme 3. 
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By thi s strategy , a concise symhesis o f the main 
substituted-pcnlacyc lic core o f stryc hni ne has been 
achieved in sevcn steps from readily available phenol 4. 
T he e nd of synthesis has a lready been de monstratcd by 
Ra wal and co workers in thcir noteworthy synthesis.''' 
lndced, a Heck transformation pcrfonned on 14 leads to the 
(14) Pappo, R.: Allen, O. S .. Jr.: Lc"ticux, R. U.: Johnson. W. S. J. 
Org. Chen>. !956, 21 , 478. 
(15) Wipf. P.; Mclhot,.I.L (h:<:. Leif. 2000, 2 , 4213 . 
hexacycl ic co re 15, which represcnls 1he 
tertbutyldimcthylsilane protected form of isostrychn inc 16. 
A deprotection with HC I foll owcd by a trentmcnt in bas ic 
conditions led them to a sho rt and eftïcicnt syn thes is of 
strychni ne 1, Figure 3. 
Figure 3. Rawal und Coworkcrs end of Synthcsis 
,. 
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ln summary, a formai synthesis of strychnine has bcen 
accomplishcd in 9 s teps from a readily ava ilab le and 
inexpensive phenol. This synthes is out lines severa! 
tra nsformations such as an oxidative dearomatizatio n 
mediated by a hypcrvalcnt iodine reagenl , an 
unprecedentcd aza-M ichacl-ether-enol tandem process, a 
heck type cycliza tion and a reductive isomerizatio n 
transformation. The main strategy focuscd on hyperva lcnt 
iod ine chemistry as a rap id application in total synthesi s of 
com plex na tura l products . 
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Unless otherwise indicatcd, 1H and 13C NMR spcctra wcrc rccordcd at 300 and 75 MHz, 
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rcportcd in Hz . lR spcctra (cm- 1) werc rccorded from thin tilms. Mass spcctra (m/e) 
wcrc mcasured in the clectrospray (ES!) mode. 







3-(4-hydroxyphenyi)-N-(2-iodophenyl)propanamide (6): To a solut ion of 2-
iodoanilinc 5 (2.467 g, 11.26 mmo1, 2.8 equiv.) in THF ( 15 mL) at 0°C, DIBAL-H ( 11.3 
mL, 11.26 mmo1, 2.8 equiv.) was added and the so lution was stirrcd during 1.5 h at room 
temperature. A solution of mcthyl 3-(4-hydroxyphcnyl)propanoatc 4 (725.0 mg, 4.02 
mmol, 1.0 cquiv.) in THF (2 mL) was thcn addcd at room temperature and the reaction 
vvas followcd by TLC. Aftcr complction, HCI 1 M was addcd, followcd by cthyl acetate. 
The aqucous phase was cxtractcd with cthyl acetate, and the organic phases wcre thcn 
dried with Na2S04. The solution was filtcrcd, conccntratcd undcr vacuum, and the 
residue was puri fied by silica gel chromatography with a mixture of eth yi acetatc/hexane 
to give 1.294 g (88 %) of a white solid. 1 H NMR (300 MHz, CDCh) 8 8.13 (d, .J = 7.3 




(t, J = 7.2 Hz, IH), 6.75 (d, .! = 8.4 Hz, 2H), 2.98 (t, .!= 7.6 Hz, 2H), 2.68 (t, J -e;;;; 7.6 Hz, 
2H; 13C NMR (75 MHz, CDCb) 8 171.23, 155.16, 138.90, 137.97, 131.38, 129.39, 
129.18, 126.43, 122.89, 115.57, 90.75, 39.78, 30.73 ; HRMS (ESI): Cale. for C15H15IN02 
(M+H)+: 368.0 142; found : 368.0133. 
N-(2-iodophenyl)-3-(1-methoxy-4-oxocyclohexa-2,5-dien-1-yl)propanamide (7): To a 
solution of6 (867.0 mg, 2.36 mmol, 1.0 cquiv.) in McOH (12 mL) at room temperature, a 
solution of diacetoxyiodobenzene ("DIB", 912.0 mg, 2.83 mmol, 1.2 equiv.) in MeOH (3 
mL) was added and the reaction was followed by TLC. Aftcr complction, the solution 
was filtrcted through a pad of silica gel and conccntrated und cr vacuum. The residuc was 
puritied by silica gel chromatography with a mixture of ethyl acctatelhexane to give 
511.3 mg (54%) of a ycllow ail. 1H NMR (300 MHz, CDCI3) li 8.11 (d , .! = 8.0 Hz, 1 H), 
7.77 (d, J = 7.9 Hz, 1 H), 7.41 (s, 1 H.), 7.33 (t, .J = 7.8 Hz, 1 H), 6.85 (t, .J = 6.9 Hz, l H), 
6.78 ( d, .! = l 0.2 Hz, 2H). 6.40 ( d, .J = 10.2 Hz. 211), 3.24 (s, 3 H), 2.44 ( t,.! = 7.6 Hz, 2H), 
2.21 (t, J = 7.6 Hz, 2H; 13C NMR (75 MHz, CDCh) li 185.15, 169.96, 150.28, 138.99, 
138.09, 132.13, 129.41 , 129.17, 128.36, 126.35, 122.44, 75.09, 53.38, 34.40; IIRMS 






tetrahydroquinolin-2(3H)-one (8): To a solution of 7 (513.0 mg, 1.291 mmol, 1.0 
-S3-
equiv.) in DCM (6.5 mL) at 0°C, Et3N (392.1 mg, 3.874 mmol , 3.0 equiv.) was addcd 
followcd by TBSOTf (512.0 mg, 1.937 mmol, 1.5 cquiv.) and the reaction was followcd 
by TLC. After completion, NH4Cl was added, followed by DCM. The aqueous phase was 
extracted with DCM, and the organic phases were then dried with Na2S04. The solution 
was filtered, concentrated under vacuum, and the residue was purifïed by silica gel 
chromatography with a mixture of ethyl acetate/hexane to give 413.4 rng (62 %) of 8 as a 
mixture of atropoisomers. 1H NMR (300 MHz, CDCb) o 7.87 (d,.! = 7.6 Hz, 2H), 7.41 -
7.30 (m, 2H), 7.17 (d,.! = 7.7 Hz, 1 H), 7.08 (d,.! = 7.8 llz, Ill), 6.97 (d, J = 4.3 Hz, 2H), 
5.96 (d, J =: 10.0 Hz, IH), 5.80 (s, 2H), 5.67 (d, .! = 10.0 Hz, IH), 4.84 (d, ./ = 13.1 Hz, 
IH), 4.61 (d, J = 14.9 Hz, lH), 3.34 (d, J = 3.0 Hz, 3H), 3.29 (d, J = 2.7 Hz, 3H), 2.70 -
1.80 (m, 7H), 1.25 - 1.11 (m, 1 H), 0.86 (s, 18H), 0.07 (d, J = 6.9 Hz, 6H), 0.02 (s, 6H); 
13C NMR (75 MHz, CDCJ, ) o 170.22, 169.06, 148.33, 147.09, 144.33 , 142.05, 140.12, 
139.73, 132.30, 131.70, 131.49, 129.77, 129.48, 129.27, 128.87, 128.59, 128.43, 128.24, 
102.28, 101.85, 101.05, 98.78, 75.44, 73.64, 63.75, 60.15, 51.45, 50.94, 30.42, 29.00, 
28.19, 26.65, 25.58, 25.51, 25.48, 20.95 , 17.87, 17.85, 14.15, -4.39, -4.56, -4.58; HRMS 
(ESI) : Cale. for C22 II3, IN03Si (M+H)+: 512.1112; fmmd : 512.1111. 
0 
C)9Me 
3a-methoxy-3a 1,4,5, 11 b-tetrahydro-1 H-pyrido[3,2,1-jkj carbazole-1 ,6(3aH)-dione 
(9): To a solution of 8 (17.1 mg, 0.033 mmol, 1.0 equiv.) in MeCN (1 mL), Et3N (33.8 
mg, 0.334 mmol, 10.0 equiv.) was added followed by Pd2dba3 (6.2 mg, 0.0066 mmol, 
0.20 equiv.). The solution was then refluxed and the reaction was followcd by TLC. After 
completion, the solution was filtreted through a pad of silica gel and eoncentrated under 
vacuum. The residue was purified by silica gel chromatography with a mixture of ethyl 
acctate/hexane to give 6.6 mg (73%) of a brown oil. 1H NMR (300 MHz, CDC13) o 8.08 
(d, J = 8.1 Hz, 1H), 7.52 (d, J = 7.5 Hz, 1H), 7.27 (t, J = 7.7 Hz, 11-I), 7. 12 (t, J = 7.5 Hz, 
IH), 6.78 (dd, J = 10.3, 2.0 Hz, IH), 6.37 (d , J = 10.3 Hz, 1H), 4.62 (dd, J = 7.7, 2.0 Hz, 




(m, LH), 2.33-2.16 (m, 2H); 13C NMR (75 MHz, CDC1 3) 5 193.13, 167.70, 146.60, 
141.90, 134.37, 129.04, 128.18, 126.08, 125.02, 117.05, 69.87, 65 .66, 5l.l5 , 48.94, 
30.63 , 30.16; HRMS (ESI): Cale. for C1 6H1 6N03 (M+H)+: 270.1125; found: 270.1112. 
11 b-allyl-3a-methoxy-3a1,4,5,11 b-tetrahydro-1 H-pyrido[3,2, 1-jk)carbazole-
1,6(3aH)-dione (10): To a solution of 9 (36.6 mg, 0.136 mmol, 1.0 equiv.) in THF (3 
mL) at -78°C, KHMDS (544 !J-L, 0.272 mmol, 2.0 equiv.) was added and the solution was 
stirred 10 minutes at -78°C. Ally! bromide (49.3 mg, 0.408 mmol , 3.0 equiv.) was then 
added. The solution was allowed to warm to 0°C and the reaction was followcd by TLC. 
After completion, NH4CJ was added, followed by EtOAc. The aqueous phase was 
extracted with EtOAc, and the organic phases were then dried with Na2S04. The solution 
was filtercd, conccntrated undcr vacuum , and the residue was purified by silica gel 
chromatography with a mixture of cthy1 acetate/l1exane to give 23 .0 mg (55 %) of a 
yellow oi l. 1H NMR (300 MHz, CDCi} ) o 8.07 (d , .! = 8.0 Hz, 1H), 7.39 (d , .! = 7.3 Hz, 
1 H), 7.25 (t,.! = 7.1 Hz, 2H), 7.12 (t, .! = 7.5 Hz, 1 H), 6.84 (dd, .! = 1 0.2, 2.0 Hz, 1 H), 
6.30 (d, J ""' 10.2 Hz, 1 H), 5.54 (dtd, J~ 16.9, 9.7, 5.0 Hz, lH), 5.21 - 5.06 (m 2H.), 4.51 
(d, J = 2.0 Hz, 1 H), 3.36 (s, 3H), 3.24 (dd, .! ""' 14.2, 4.9 Hz, IH), 2.83 - 2.69 (m, 2H), 
2.51 - 2.10 (m, 4H); 13C NMR (75 MHz, CDC]_,) ô 195.80, 167.38, 146.28, 142.22, 
134.23 , 133.23, 130.52, 129.10, 125.25 , 124.92, 120.17, 117.19, 70.68, 66.97, 56.37, 




2-(3a-methoxy-1 ,6-dioxo-3 a,3a 1 ,4,5,6, 11 b-hexahydro-1 H-pyrido[3,2, l-j k] carbazol-
llb-yl)acetaldehyde (11): To a solution of lO (23.0 mg, 0 .074 mmol, 1.0 equiv.) in 1,4-
0ioxane/H20 (3:1 , 1.3 ml), 2 ,6-lutidine (15 .9 mg, 0. 149 mmol, 2.0 cquiv.) was addcd 
followed by Os04 (9.4 mg, (}.0015 mmol, 0.02 cquiv.) and Na104 (63 .6 mg, 0.297 mmol, 
4.0 equiv.). The solution was stirred at room temperature and the reaction was followcd 
by TLC. After completion, NH4Cl was added, followed by DCM. The aqucous phase was 
cxtracted with DCM, and the organic phases werc then dricd with Na2S04. The solution 
was filtered, conccntrated undcr vacuum, and the rcsidue was purifïed by silica gel 
chromatography with a mixture of ethyl acetate!hcxane to give 20.5 mg (88 <Yo) of a 
yellow oil. 1H NMR (300 MHz, CDC13) 8 9.62 (s, 1 H), 8.10 (d, J "" 8.0 Hz, l H), 7.33 (d, 
.! = 7.6 Hz, 1 H), 7.27 (d,.! = 5.8 Hz, 1 H), 7.12 (t,.! = 7.5 Hz, 1 H), 6.91 (dd , .! = 1 0.2, 1.8 
Hz, 1 H), 6.38 (d , .! = 10.2 Hz, IH), 4.59 (s, J = 1.7 Hz, IH), 3.32 (s, 3H), 3.30 (s, .J = 2.4 
Hz, 2H), 2.87 - 2.75 (m, IH), 2.53 - 2.34 (m, 2H), 2.23 - 2. 11 (m, 1 H); 13C NMR (75 
MHz, CDCb ) i5 199.30, 194.08, 166.88, 147.21 , 142.03, 134.65, 130.04, 129.71, 125 .56, 
124.22, 117.43, 70.58, 69.34, 54.02, 50.46, 49.32, 29.92, 28 .73 ; HRMS (ES!) : Cale. for 
C 1sH 18N04 (M+H)+: 312.1230; found : 3 12.1213. 
0 
2-(1 ,6-dioxo-2,3a 1 ,4,5,6, lliJ-hexahydro-1 H-pyridol3,2, 1-jkl carbazol-11 b-
yl)acetaldehyde (1 2): To a so lution of 11 ( 11 .9 mg, 0.038 mmol, 1.0 cquiv.) in MeOH 
(2.0 mL), Zn (25 .0 mg, 0.382 mmol, 10.0 equiv.) was added followcd by acctic acid (22.9 
mg, 0 .382 mmol , 10.0 equiv.). The solution was thcn rctluxcd and the reaction was 
followcd by TLC. After completion, the solution was filtre tcd through a pad of s ilica gel 
and concentrated undcr vacuum. The residue was purified by silica gel chrornatography 
with a mixture of ethyl acetate/hcxane to givc 6.8 mg (63%) of a pale ycllow oil. 1H 
NMR (300 MHz, CDCb) Ci 9.68 (s, 1 H), 8.12 (d , J = 8.0 Hz, l H), 7.3 1 (t , .! = 7.2 Hz, 




.! = 18.9 Hz, lH), 3.12 (d,.! "" 22.5 Hz, 1 H), 2.96 (d,.! = 23 .0 Hz, IH), 2.91 (d, J ""' 18.9 
Hz, IH), 2.78- 2.56 (m, 4H); 13C NMR (75 MHz, CDCh) ô 204.59, 199.60, 170.68, 
141.41 , 130.40, 129.97, 129.21, 124.46, 123.96, 118.52, 116.55, 67.91, 55 .74, 54.34, 
36.64, 32 .57, 25.91; HRMS (ESI): Cale. for C 17H 16N03 (M+H)+: 282.1125; tound: 
282.1122. 
(Z)-3-( 4-( ( tert-bu tyldimethylsily l)oxy)-2-iodobut-2-en- l -yl)-2,3,3 a,4,6, 7 -hexahydro-
1H-pyridoJ1,2,3-Im)pyrrolof2,3-d)carbazol-8(5alH)-one (14): To a solution of 12 (9.1 
mg, 0.032 mmol , 1.0 cquiv.) and amine 13 (12.7 mg, 0.039 mmol, 1.2 cquiv.) in MeOH 
at -78°C, NaBH3CN (3 .8 mg, 0.055 mmol, 1.7 cquiv.) was addcd. Atlcr lh, anothcr 
portion ofNaBH3CN (3 .8 mg, 0.055 rnmol, 1.7 cquiv.) was addcd, followcd by a drop of 
AcOH. The solution was slowly wanned ovemight. Aftcr complction NaHC03 was 
addcd, followed by Et20 . The aqueous phase was extracted with Et20 , and the organic 
phases were then dried with Na2S04. The solution was filtered, concentrated under 
vacuum, and the rcs idue was purified by si lica gel chromatography with a mixture of 
ethyl acctate/hexane to give 5.4 mg (29 %) of a 14 as a 1:1 mixture of diastereoisomcrs. 
1H NMR (300 MHz, CDCh) o 8.11 (d,.! = 7.9 Hz, Ill), 7.70 (d , J = 6.8 Hz, IH), 7.23 (t, 
J = 7.9 Hz, 1 H), 7.08 (t, J = 7.5 Hz, IH), 6.09 (t,.! = 5.0 Hz, IH) , 5.69 (d, J = 6.0 Hz, 
lH), 4.33 (s, 1 H), 4.25 (d, J == 4.9 Hz, 2H), 3.55 (d, J """ 13.9 Hz, 1 H), 3.44 (d, J = 13.9 
Hz, IH), 3.25 - 3.15 (m, IH) , 2.90 (dd, J = 8.6, 5.7 Hz, IH), 2.78 - 2.51 (m, 5H), 2.26 -
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